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| NTRODUCTI ON

The U S. Geological Survey began a systematic study of sedinent
distribution, depositional environnents, and shallow structure of the
northeast Gulf of Alaska in 1974. The objective of the study was primrily to
evaluate seafloor hazards on a regional basis in preparation for possible
offshore petroleum development. The study was extended to include an
extensive sediment sanpling program in 1975 when approximately 400 sanples of
continental shelf sediments were collected (Carlson and others, 1977).
Systematic neasurenent of geotechnical properties was started in 1977 (Carlson
and others, 1978).

Detailed Qeologic study of seismc reflection records and sediment
sanples in areas of sediment instability, although valuable for specifying the
types and extents of different past hazardous conditions, |eave unanswered
questions. For exanple, they often do not specify causes of failures, provide
informtion on the safety of apparently unfailed areas, suggest whether
existing slide bodies will fail again or enlarge, or predict the inplications
of certain earthquake or storm events.

The quantitative methods of geotechnology have the potential for
answering some of these questions. A vast amount of previously unpublished
geotechnical data, primrily derived from tests on core sanples but
suppl emented with a few in situ tests, has been accumulated on the
continental shelf between Mntague Island and Qoss Sound (Fig. 1). The
primary objective of this report is to make these data available with a
consistent format. A secondary objective is to provide prelimnary
quantitative analyses of some of the geologic hazards.

SETTING

Ceologic Setting. Gaciation is the nost inportant process contributing
sedimnt to the nortneast Gulf of Alaska continental shelf. In Mocene tineg,
glaciation was restricted to the onshore area but by early to mddle
Pleistocene, a large ice sheet had spread across the continental shelf (Mlnia
and Carlson,1978; Mlnia and Sangrey, 1979; Carlson and others, 1982). Today
glaciers in the Gulf of Alaska region are restricted to the onshore areas
(Fg. 1. As recently as 75 years ago, however, a glacier filled lcy Bay and
extended 5 km or 6 km onto the continental shelf (Mlnia, 1979).

The conplex Quaternary history of the northeast Gulf of Alaska has
generated a variety of sedimentary deposits. Four mjor sedinentary units
(Fig. 1) are defined on the hasis of seismc reflection and sedimentologic
data (Carlson and Milnia, 1975, Mlnia and Carlson, 1975, 1980; Carlson and
others, 1977, Mlnia and Sangrey, 1979; Mlnia and Carlson, 1980). These
units are: A  Holocene glacial-mrine sediment; B.  Holocene end noraine
deposits, C.  Quaternary glacial deposits; and D Peistocene and ol der
lithified sedimentary rocks. Holocene end noraine deposits, Quaternary
glacial-marine  sediment, and Pleistocene and older [lithified sedimentary rocks
are predomnantly dense and hard, reflecting diagenesis or glacial ice
loading.  These conpacted deposits are probably not susceptible to instability
on the continental shelf (Lee and Schwab, 1982). Therefore, Ceot echni ca
studies have been directed alnmost exclusively toward investigating Holocene
glacial-marine  sediment.
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Fine sand and clayey silt of the Holocene glacial-marine unit cover nost
of the inner shelf, reaching a maxi mum thickness of about 350 m seaward of the
Copper River, about 200 m seaward of Icy Bay (Carlson and Ml nia, 19751, and
about 260 m seaward of the Al sek River. This sediment is glacially derived
from the @lf of Aaska Tertiary province and bordering rocks of Msozoic and
older age, then fluvially transported to the gulf as rock flour (Mlnia and
Carlson, 1980). The Mesozoic and older age rocks are highly deforned, locally
net anor phosed sedi nentary and vol cani ¢ rocks that are commonly intruded by
igneous plutons, whereas the Tertiary Province is a conpound continental
margi n basin nade up almost entirely of terrigenous elastic rocks wth mnor
coal . For a sunmary of the onshore geology of the @Qlf of Aaska the reader
is referred to Plafker (1971), Bruns (19791, and Bruns and Pl af ker (1982).

West of Kayak Island, the Copper R ver is_the primary source of Holocene
sedi nent, carrying a sedinent |oad of 107 x-18 kg/yr (Reimmitz, 1966). East
of Kayak Island, major sedi ment sources are streans draining the larger ice
fields (Malaspina and Bering daciers) and the Alsek River. Accumulation
rates of the Holocene glacial-marine unit on the continental shelf range from
0 to 29 m/yr (Ml nia and others, 1980). Accunulation rates of Holocene
glacial-marine sediment in coastal enbayments are thought to be as high as 2
to 3.75 m/yr (Mol nia, 1979).

The largest deposits of sand in the Holocene glacial-nmarine unit occur
along the barrier islands at the nmouth of the Copper R ver, along the
nearshore zone both adjacent to and west of the Milaspina Qacier (Carlson and
others, 19771, and al ong the nearshore zone between the A sek R ver and
Yakutat Bay (Fig. 1). The noderately well sorted, mneralogically i mat ure
sand (containing about equal parts of quartz and netanorphic rock fragnents)
is mostly found in water depths | ess than 50 mindicating an environnent
subject to high wave and current energy. Storm waves and | ongshore currents
resuspend the fine silt and clay particles or mintain them in suspension and
the A aska Qurrent transports them offshore and westward (Mlnia and Carlson,
1980) .

Large deposits of Holocene glacial-marine clayey silt occur seaward of
the Copper Rver and seaward of the Ml aspina and Bering 3 aciers (Carlson and
others, 1977). The nean grain size of @lf of Aaska Holocene glacial-narine
sediment generally decreases wth distance from shore and is largely glacial
rock flour which is domnated by the silt fraction (Carlson and others, 1977).

O fshore Geologic Hazards. Seafloor geologic hazards in the northeast
Qul f of Alaska are summari zed by Carlson and Schwab (1982) and have been

described by Carlson and others (1975), Carlson and Ml nia (1977), Mol nia and
others (1977), Carlson (1978), and Carlson and others (1980). The hazards
include shallow faults, buried channels, gas-charged sediment, and subnarine

slides and flows.

Active faulting is well docunented wusing conventional geophysical
techniques (Bruns 1979; 1982; Bruns and Schwab, 1982; Carlson and Schwab,
1982). Buried channels involve sediment and sedinentary rocks that are too
deeply buried to be sanpled with conventional coring equipnent and therefore

have not been studied except with geophysical profiling.
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Bubbl e phase gas charging, although present in the northeastern Qilf of
Alaska, is not wdespread. O the hydrocarbon gases, only nmethane is present
in concentrations that may exceed the saturation of interstitial water
(Appendix A). Anomalously high concentrations of nethane suggesting the
presence of bubble phase gas in place and potentially unstable sedinent, were
found in only two areas: a fault zone southeast of Kayak Island (sanple
concentration of 14,000 pl1l/1), and an area east of Dry Bay (sanple
concentration of 32,8000 #l1/1), GCher locations had significant amounts of
methane but the anounts neasured in sanples were insufficient to indicate that
the sedinment in situ was, indeed, charged with bubbl e-phase gas. No
correlation between the occurrence of seismic reflection anonalies ahd the
presence of gas-charged sedinent is apparent, except for the sedinent
southeast of Kayak Island. The sanpling and analytical techniques needed to

quantitatively assess gas-charged sediment as a geologic hazard have not been
fully devel oped.

Ceotechnical studies have been directed alnmost exclusively toward
investigating slides and flows in the Holocene glacial-narine sedinent.
Hol ocene norainal sedinents, Quaternary glacial-narine sedinent and
Pleistocene and older lithified sedimentary rocks are predoninantly dense and
hard, reflecting diagenesis or glacial ice loading. These conpacted deposits
are probably not susceptible to sliding on the continental shelf. In
contrast, the Holocene glacial marine sedinent is weak. In this area of
frequent earthquakes and large storm waves, the Holocene glacial marine
sediment is susceptible to slope failure under cyclic loading (Lee and Schwab,
1982).

Morphol ogy of Submarine Slides and Flows. MNunerous slides and slunps
have been identified from seismc profiles of an 8 by 100 km area seaward of
the nouth of the Copper Rver (Hanpton and others, 1978; Carlson and Schwab,
1982) (Fig. 4). Some disrupted reflectors on a few of the profiles my
indicate the presence of gas-charged sedinment (Fig. 5). The disrupted
reflectors occur beneath a slope of about (,5° and appear to outline
individual slunp "blocks" that range in height from 1 mto 5 m and in length
from0.3 km to 1.0 km The slunp structures appear to be developed to a depth
in the sedinent of 20 m to 40 min water depths of 40 mto 125 m

A spectacular exanple of a large submarine slide is located in Kayak
Trough (Carlson and Mol nia, 1977; Mol nia and others, 1977; Hanpton and ot hers,
1978) (Fig. 4). This slide has a length of 17 km a maximum width of 12 km
and a nmaximum thickness of 115 m (estimated volume is approximately 5.9
km3). The slide occurred on a 1° sl ope. Seismc profiles over the Kayak
Trough slide typically show disrupted internal reflectors and irregular
surface norphology. This slide has a fairly well-preserved pull-apart scarp
with a relief of about 10 m and a well-developed toe that is 20 m thick about
2 km from the distal end (Fig. 6). Apparently there was enough nonentum to
carry the toe of the slide past the thalweg of the trough (Carlson and Ml nia,
1977).

The largest known slide on the continental shelf east of Kayak Island is
the I cy Bay-Mal aspina slunmp (Carlson, 19781, located seaward of the Malaspina
GQacier (Slide A Fig. 7). Here a process of en echelon slunping of Holocene
clayey silt is taking place in water depths of 70 m to 150 m on a sl ope of
|l ess than 0.5° (Fig. 8). These slunp structures extend over an area of about
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1080 km®. The slunp blocks are about 0.5 km long and have reliefs of 2 mto 5
m The slip surfaces extend to a depth of 15mto 40 _mbeneath the sea
floor. The volume of the entire slunp is about 32 km~.

Four smaller slides have been mapped in the nearshore zone east of the
Icy Bay-Malaspina slunp, all of which begin in water shallower than 100m
(Carlson and others, 19801 (Slide B, Fig. 7). (ne slide southwest of Yakutat
Bay begins on the north wall of Yakutat Sea valley and_extends across mostof
the valley floor. This slide covers an area of 350 km® and incorporates the
upper few neters of clayey silt. This slide appears to fit into Varnes (1978)
classification as a nudflow that failed due to lateral spreading (Carlson and
others, 1980).

The second of the four smaller slides, the Yakutat slide, begins 4km
seaward of the coastline between Yakutat Bay and the Dangerous Rver. It is
about 40 km in width, and about 260 km? in area (Carlson and others, 1980)
(Slide C Fig. 7). The slope of the upper part of the slide is about 1° and
decreases to about 0,5° at the seaward edge of the slide. This slide mass is
characterized by a series of clayey silt blocks wundergoing rotational slunp
movenent . The steplike surfaces of the blocks have a tread length of about
100mand a riser height of 3 to 4 m(Fig. 9. The slip surfaces extend 10m
below the sea floor and the volume of slunped materialis nearly 3 km3.

The third smaller slide is located southeast of the Dangerous Rver in
clayey silt (Carlson and others, 190)(Slide D, Fig. 7). This slide begins
about 2 km offshore in water depths less than 20 m This area of seafloor
instability is thought to be associated with gas-charged sediment interpreted
fromacoustic anomalies inhigh resolution seismc profiles, and water colum
gas plunes visible on side-scan sonographs (Carlson and others, 1980 (Fig.

0.

The fourth of the snmaller slides is just seaward of the A sek River
(Alsek Rver Prodelta) (Slide E, Fig. 7 and has an area of 150 kmz. The
shoreward edge of the slide is in sand and sandy nud less than 2 km
of f shore. Water dept hs are around 35 m and the slope is about 0.5°, This
slide is thought to have noved down the headwall of the Al sek Sea Valley (1.3°
slope) possibly as far offshore as the floor of the valley (Slide F, Fig. 7)
where it offsets the clayey silt to a depth of 10 mto 20 m(Carlson and
others, 1980). A detailed picture of the sea floor in a 10x 2 kmarea within
the Alsek Rver prodelta was made by assenbling -2 speed corrected, digitally
processed, side-scan sonographs (Mlnia and Rappeport, 1980). Typical side-
scan sonographs of the Alsek River slide are presented in Figures 11 12, and
13. Mol nia and Rappeport (1980) suggest that the principal factor for causing
the Alsek Prodelta slope failures is saturation of the sedinent by biogenic
met hane gas. Carlson and others (1980) al so mapped this failure as an area of
gas-charged  sedinent.

In addition to the slides and flows in the nearshore zone, other slides
have been mapped within the Yakutat and Alsek Sea Valleys (Carlson and others,
1980) (Fig. 7). These slides all appear to be nud flows affecting the upper
10mto 20 mof clayey silt.

Numerous areas of slides and slunps have been nmapped on the continental
slope (Fig. 7) (Carlson and others, 1980. Although most of these slides are
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imediatly seaward of the valleys, sliding appears to be a common nechanism
for transporting sedinment down the continental slope in the entire Qilf of

A aska (Hanpton and others, 1978; Carlson, 1979). Many of these slides are
longer than 5 km and occur on slopes with gradients of 3¢ to &°, The slides
range from discrete nudflows, thinner than 50 m to conplex zones of mass
transport several hundred meters thick consisting of mltiple slides, such as
in the area southeast of Yakobi Sea Valley (Carlson and others 1980; Carlson
and Schwab, 1982). The sediment contained in these slides is primarily a
pebbly mud that was deposited by glaciers on the shelf during parts of the

Pl eistocene (Carlson and others, 1980).

CEOTECHN CAL APPRQOACH

Gener al Met hodol ogy. The critical sediment geotechnical property
nmeasured for use in geologic hazards evaluations is the shearing strength. It
must be exceeded by environmental loads for nost types of failure to occur.
Index properties (grain size, water content, bulk density, Atterberg linits
and grain density) are neasured as well because they aid in classifying the
sediment and can be correlated with both strength paraneters and sedinentary
processes. Also, they are not strongly affected by coring disturbance.
Conpression or consolidation properties are neasured because the consolidation
state (relative degree of conpaction) correlates well wth relative shearing
strength (Ladd and Foott, 1974), and reflects earlier geol ogic events (for
exanple preloading by glaciers or erosion of overburden).

The usefullness of most of our geotechnical data are limted by the short
length of cores (typically T m to 10 m and by core disturbance. Because many
failure features have basal shearing planes that are nuch deeper (50 m or
more) than conventional coring devices penetrate, the sedinment involved in
failure may not have the same properties as that sanpled. Coring disturbance,
generated by the thick walled sanplers that are commonly used, alters the
engineering properties of the sanpled sedinent from the properties of the
sediment in place. Both of these limtations, core shortness and disturbance,
are serious and capable of greatly reducing the validity of any geotechnical
st udy.

A nethodology for partially overcomng these limtations is provided by
the normalized soil parameter (NSP) approach (Ladd and Foott, 1974, Mayne,
1980) . The NSP approach is based on enpirical results that show certain
engineering properties of certain sediments to be constant if normalized by
appropriate consolidation stresses. For exanple, in a nornally consolidated
sedinent profile (one in which no renoval of sedinent or preloading has
occurred), the ratio of wundrained shearing strength to overburden effective

stress is often constant. If this ratio is known, a strength profile can be
constructed by multiplying the ratio by values of overburden effective stress
(sub-bottom depth times the average subnerged density). If the sedinment is

overconsolidated, that is, if it has been preloaded by glaciers or other
sedinent that has since been eroded, a different ratio of strength to
overburden stress wll result. This ratio of strength to overburden stress is
constant as long as the degree of overconsolidation, expressed as the
overconsolidation ratio (OCR), is constant. The ratio of strength to
overburden stress typically varies with the OCRraised to the power A _, where
h is a sedinent constant (Myne, 1980). If the variation of OR with dept h
in the sedinent colum is known, a prediction of the strength variation can be
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made. If the sediment is normally or wunderconsolidated, as the Holocene
gl aci al -mari ne sedi nent appears to be in mostl ocations, the value of Ao is
irrel evant.

One advantage of the NSP approach lies in its ability to provide
paraneters that are independent of consolidation stress and depth in the
sedinment colum. In a sense, therefore, the linitation inposed by short
samples is at least partially renmoved, particularly in large depositional
environments where the type of sediment being deposited at a given location is
fairly constant over a long period of time(i.e., to a significant depth).

The northeast Qilf of Aaska is probably such a large depositional

envi ronment . A second advantage of the NSP approach is that nornalized
paraneters can be nmade somewhat-independent of coring disturbance by
conducting all strength tests at greatly increased consolidation stresses
(Ladd and Foott, 1974). That is, a disturbed sanple and a nearly undisturbed
sample would produce almost the same nornalized strength parameters if both
are consolidated (in a triaxial or direct sinple shear cell) to a high stress
level before testing for shear. Oice the nornalized strength paraneters have
been neasured at the high stress levels, they can be applied to any stress
level including the low level that the sanple originally experienced in place.

The NSP approach cannot handle all offshore geotechnical conditions.
Ladd and Foott (1974) warn against applying it in cases of naturally cenented
cl ays. O fshore sedinents often display "psuedo-overconsolidation”; that is,
nmost aspects (low surface strength, no obvious hiatus, steady increase of
strength with depth) point to normal consolidation but consolidation tests
indicate a noderate degree of overconsolidation. [If "psuedo-
over consol i dati on" results from a form of interparticle cementation, the NSP
approach would predict strengths that are too |ow

The presence of significantly different sedinent below the |evel of
sanpling or the presence of undetermined environnental factors that mght
alter the consolidation state also cannot be handled by the NSP approach.
Bubbl e phase gas mght be an exanple of the latter. Hghly varied or
stratified sediment nmight also produce conplications.

Cyclic Strength Degradati on and Test Type Effects. Excess pore water
pressures that develop during episodes of cyclic loading from earthquakes or
storm waves effectively reduce the ability of the sediment to resist shear.
This effect on shearing resistance can be expressed as a strength degradation
factor, a.. If this factor is mltiplied by the static shearing strength
obtained by the NSP approach, an estimate of the strength remaining in the
sediment after dynamc loading wll result. The degradation factor, AD,
varies with the type and magnitude of cyclic loading. If the loading is wave
induced and the sedinent is fairly pervious, an effective stress approach wth
al l onance for partial pore pressure dissipation maybe required for accurate

model i ng. For this situation a worst case (lower bound of strength) nodel can
be provided by using a strength degradation paraneter, AD corresponding to no
dr ai nage. For earthquakes the duration of cyclic loading is short and a

sinple, undrained approach can be taken.
Another factor affecting measured sedinent strength is the type of

strength test performed. A reported value of shearing strength is not
i ndependent of test type because of initial consolidation conditions, shearing
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rate, stress inhonpgeneities, variations in stress orientations and mny other
potential differences. A paraneter that relates the strength corresponding to
the mode and rate of stress application that would exist during failure in the
field to the strength of the same material measured in a field or laboratory
test is needed. In the present studies most strengths were obtained through
isotropically consolidated triaxial shear tests. Because field consolidation
conditions are typically anisotropic, a correction factor, a_, is applied to
correct strength values for these consolidation effects

Summary of NSP Strength Determination. A sunmary of the normalized soil
paraneter approach as it nhaS Dbeen applied in the northeastern Gulf of Alaska
is given by the following equation

A
8,/9," T ARL(OCR) OSpc. o (...
Were Su = The undrained shearing strength applicable to the node of failure
under  consideration
a,' = overburden effective stress = uy'sz
U degree of consolidation

1 for conplete normal or over-consolidation

A average subnerged density
z = sub-bottom depth
B, = Test type correction factor

= Cyclic strength degradation factor
&ﬁ = Overconsolidation  ratio

=a '/ 0t

vm, - v .
o_ ' = Maximum past effective stress
VKO = A normalized strength exponent that is constant for a given
sediment . . . . . _
Sqc = the ratio of static undrained shearing strength to isotropic
consolidation stress for normally consolidated conditions

A program that involves a famly of triaxial test types has been
developed to obtain the paraneters needed to evaluate Equation 1. The
SEecific procedures are described under TEST PROCEDURES. Not that all of
these properties relate to undrained conditions. For earthquake |oading and
wave |oading of relatively inpervious sediment, the wundrained assunption is
valid.  For long term gravitational |oading and wave |oading of pervious
sedinent, a drarned or partially drained analysis would be required

Other shearing strength tests have been conducted that do not follow the
NSP  methodology directly. These include |Iaboratory vane shear, field vane
shear and static cone penetration, and certain types of triaxial shearing
tests. The field tests were conducted to establish a level of ground truth
-and provide a basis for judging the quality of subsequent |aboratory data
A'so, sme field penetration tests were conducted in sandy deposits and
provide the ony reliable geotechnical data for these deposits. Laboratory
vane tests were conducted onboard the shiB inmediately followng sanple
recovery.  They typically provide a lower bound estimate of the in place
undrained shearing strength (Lee, 1979). The triaxial tests that did not
follow the NSP methodology involved sanples consolidated to the in situ
effective overburden stress or [lower. These types of tests typically produce
an upper bound estimate of the in place undrained shearing strength ZLadd and
Lanbe,  1963).
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Quantitative Evaluation of Ofshore Stability. of these
geotechnical results can be readily used to evaluate geologic hazards or
provide a nmeans of mapping relative stability. of f shore
downslope driving forces are gravity, earthquake shaking and storm wave
[ oadi ng. By witing a sinplified equation for each driving force and setting
it equal to the estimated, in place undrained shearing strength, we can
determine the level of force needed to achieve failure. For exanple, it can
be shown (Lee and others, that the approximate shearing stress devel oped
under conbined earthquake and gravitational loading is given by the sinplified
equat i on:

-
I

= Y'z sim+kYZ . .. (2)

Wiere: T mobi | i zed shearing stress at depth gz

sl ope angl e

-]
nomg

k horizontal  pseudo-static earthquake
acceleration (in g's)
Y = average total density of sediment (unit weight in air)

This relation was derived from Mrgenstern's (1967) infinite-slope
pseudo- stati c, earthquake-influenced slope stability analysis. It is valid
only for small slope angles (& | ess than about 10°), The pseudo-static
approach assunes that an earthquake can nodel ed by a constant horizontal
accel eration. The infinite slope approach assumes that the seafloor is
and has the slope over a large area. Failure occurs on a plane parallel
to the surface of the slope and noverment takes the form of a sliding sheet.

At failure the driving force will equal the resisting force. Substituting *
from Equation 2 for Sy in Equation 1 and solving for k vyields:
A
k = (Y/Y')U AAL(OCR) S ~ (Y'/Y)sin® ... ... ... ... R &

The resulting critical acceleration, k, derived from Equation 3 is the
pseudo-static acceleration needed to induce failure given all of the

conditions and assunptions present in the derivation. It is a function of
sediment and site paraneters. Lower values of the critical acceleration would
correspond to areas that are vulnerable to i nduced sliding,
given a uniform degree of the region being investigated. The

value of this approach is increased if known failures are sanpled. Citical
accelerations from a known failure area indicate the level of shaking required
to cause failure and provide a value by which the significance of other
measured critical accelerations can be judged.

A simlar approach could be followed to evaluate relative stability with
respect to wave-induced shearing stresses. However, as shown in
Appendix B, the magnitude of peak wave-induced stresses exceeds that of peak
earthquake-induced stresses only in relatively shallow water (water depth |ess
than 35 to 76 m), In these depths the sediment is primarily sand which might
allow nearly full dissipation of excess pore water pressures during
If full dissipation did not occur, a condition sinmlar to Iliquefaction mght
devel op under certain conbinations of density, wave height and permeability
(Clukey and others, 1980). This situation is wunlikely and not considered in
this report. For other conditions, earthquake |oading domnates and Equation
(3) can serve as the critical equilibrium relation.
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TEST  PROCEDURES

CGeotechnical testing was conducted in conjunction wth four cruises to
the Qulf of Aaska: three fromthe R'V DI SCOVERER in 1977, 1980and 1981
(DC1-77-EG, DC2-80-EG and DC1-81-EG) and one fromthe R'V SEA SOUNDER i n 1977
{S8-77-EG). Many different USGS individuals were involved in planning and
conducting these tests in-house, and three outside Ilaboratories conducted
additional tests on four separate contracts (Ceotechnical Engineers,
I ncorporated (GEI), 1977 cores, University of California, Berkeley, 1977 cores
and Law Engi neering Testing Conpany (LETCO), 1977 cores and 1980cores). As a
result, not all of the procedures followed in deternining each property were
identical throughout the test program In the following discussion, mgjor
differences in procedure are listed whenever significant.

Shipboard Sanpling and Testing. Mst core sanples were taken with
gravity corers weighing between 2 and 10 kNt, A few sanples were obtained
with piston sanplers or a vibratory corer simlar to the Apine Vibracore
sanpl er described by Tirey (1972). Al cores were contained within a plastic
liner. Once aboard ship the core liners were sectioned into 1 or 1.5 m
| engt hs. At mostsites replicate cores were obtained; one was split,
described and subsanpled on shipboard (stratigraphy-sedinmentology core), while
the other was sealed with cheesecloth and nicrocrystalline wax and preserved
under refrigeration for shore laboratory testing (geotechnical core). (e of
the split core sections was subsanpled for water content determniation.

Most vane shear testing was conducted on split cores sections. A
mniature four-bladed vane (typically 122 x 1.22 cm) was inserted
perpendicular to the split face so that it was at least 1.2 cm below the
surf ace. The vane was rotated by a notor-driven device through a calibrated
spring on the 1977 cruises and through a torque cell on the 1980 and 1981
crui ses. The top of the torque cell orspring rotated at 90°/minute, a rate
relayed directly to the vane by the stiff torque cell. Wth the nore flexible
springs, the true vane rotation rate was less than 90°/minute before failure
and greater after failure. The peak torque was neasured and used to calculate
the sanple undrained shearing strength (ASTM 1982 standard D 2573-72).

In Place Testing. In place vane shear and cone penetration tests were

conducted during the 1980cruise. The Milti-purpose in situ testing system
(MITS) was | eased from Wodwar d-d yde Consul tants, Pl ynough Meeting, PA and

depl oyed at seven locations in the eastern Qilf of Aaska. The device is a
tethered, bottomsupported platform capable of conducting static cone
penetration and vane shear tests to a depth of 6 m below the seafloor. The
device weighs 27 kNt (2.7 netric tons) in water. The ultimate cone
penetration depth at a few locations was linmted because of insufficient
reaction force. The static cone penetroneter tip has a standard 10 cm? base
area and a 60° tip angle. The load on the cone was neasured bya full-bridge
strain gage load cell nmnounted directly above the cone. The shear vane sensor
consisted of a torque cell nounted above the vane blade. The vane was rotated
by a pressure conpensated electric notor at a rate of 60°/min and the shearing
strength was cal culated fromthe samefornmula as that used for |aboratory vane
shear measurenents. Roth the cone and the vane were driven into the seafloor
by a sliding drive head coupled to a drill rod. The drive head was noved at 1
mmnute by an electric motor and a chain and sprocket assenbly. The sub-
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bottom depth to the cone or vane was neasured by a 360¢ potenti oneter
connected to the sprocket assenbly. A tilt indicator munted on the base
sensed the attitude of the frame to deternmine whether the maxinum deadwei ght
reaction was exceeded or if lateral loads on the tether line were pulling the
device over. Al electrical signals were carried to shipboard recorders
through a shielded cable.

The M TS system was depl oyed fromthe RV D SCO/ERER from a two-poi nt
moor i ng. Typical ly the systemwas assenbled in the cone penetroneter node on
its first deploynent at a site. After a penetroneter record was obtained, the
device was returned to the ship and rigged to perform a vane shear test. The
size of vane and torque cell as well as sub-bottom locations for vane shear
tests were selected based on the cone penetration resistance. The device was
redeployed and the vane was driven in to the predetermned depths. At each
depth the vane was rotated to obtain a peak torque and thus a neasure of in
place wundrained shearing strength. At somedepths the vane was rotated in the
opposite direction (following an initial undisturbed strength deternination)
to obtain a nmeasure of the renolded strength and the sediment sensitivity.

Shore Laboratory Testing. \Water contents were obtained using drying and
wei ghi ng techni ques (ASTM 1982 standard D2216-80), A correction was nade to

the weights to account for dried salts (assuming a salinity of 35 ppt).

Atterberg limits were obtai ned using ASTM standards (D 423-66, D 424-59
and wet preparation technique, D 2217-66)}with the exception that the
Casagrande grooving tool was used instead of the ASTM tool. Salt corrections
identical to those described above were applied to both the liquid and plastic
limts. The grain density was obtained using a Beckman air conparison
pycnoneter at the USGS |aboratory and by ASTM Standard D 854-58 for the tests
conducted by contractors. @Gain size distributions and parameters were
obtained wusing pipette analysis (Carver, 1971) at the USGS and by the
hydrometer technique (ASTM Standard D 422-63) at the contractor |aboratories.

Consolidation testing followed ASTM Standard D 2435-70 with these
exceptions:

(a) Intwo early contracts {GErI and LETCO testing of 1977 cores),
calculated and plotted void ratios corresponded to the end of a stress
i ncrenent time peri od. In later testing the plotted void ratios
corresponded to 100% consolidation.

(b) I'n all contracted tests the coefficient of consolidation (c ) was
calculated using the square root of time nethod. For the tests
conducted at the USG5 ¢, was obt ai ned using the log of time nmethod.
(c) In the LETQO testing of 1980sanples, about half of the tests were
conducted with a pneumatically controlled Anteus consolidoneter while
the remainder were conducted with a dead weight oedoneter.

(d) someof the tests conducted by the USGS on 1980 and 1981 sanpl es
were performed in a back pressured triaxial cell wusing the constant
rate of strain technique (Wssa and others, 1971).

In all cases the results were used to estimate the maximum past verti cal

stress, O'__, using the Casagrande (1936) construction and to obtain other
consol i dation par anet ers.
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static triaxial testing roughly followed the procedures given by Bishop
and Henkel (1957). Cylindrical sanples (3.6 cm in diameter by about 9 cm in
height) were hand-trimred from larger core sections extruded from the plastic
l'iner. Filter strips were attached and the sanple was enclosed in a thin
rubber/latex menbrane in a triaxial cell. Dfferential pressures between cell
and sample fluids were applied and full drainage was allowed. These
consolidation stresses were applied in increments until a final value was
r eached. In some tests conducted by the USGS and LETCO on 1980 and 1981
samples, final consolidation was set to a level of about four tines the
maxi num past stress. This was followed by a reduction in differential
pressure and full drainage. In this way, an induced state of
overconsolidation with a known value of OCR was generated. A few sanples were
consolidated anisotropically wth the horizontal consolidation stress equal to
about 0.5 times the wvertical consolidation stress.

Most sanmples were sheared wthout drainage by increasing the axial |oad
at a constant rate of strain, typically 0.03% to 0.16% per hour. Some of the
LETCO testing of 1977 cores involved constant rate of stress application.
Excess pore water pressures developed in the sanples during undrained shear
were neasured using electronic pressure transducers. Axial loads were
measured with strain gage type load cells and axial defornmations were obtained
with linearly variable differential transformers (LVDT's). Testing was
continued until about 20% axial strain was obtained. Stresses and strains
were calculated using standard procedures but wthout menbrane or filter strip
corrections. The static undrained shearing strength was obtained from the
peak axial |oad neasured over the full 20% axial strain range of the test.

Three types of static triaxial tests were perforned:

(a) Consolidation to a stress level less than three times the estinated
maxi num past stress wthout rebound.

{b) Consolidation to a stress level greater than three tines the
estimated maximum past stress with a subsequent rebound to a Iower final
consolidation stress. A known induced overconsolidation ratio is

obt ai ned.

(c) Consolidation to a stress level greater than three times the
estimated maxinum past stress without rebound.

Type (a) tests produce strength values that may be less than, equal to or
greater than the in place shearing strength, depending on the details of the
consol i dation stresses. The approach does not provide parameters that can be
used in the NSP approach. The value of this type of test would be in
obtaining upper and lower bound values of strength and in studying naturally
cemented sediment for which the NSP approach is not applicable.

Type (b) and (c) tests yield strength values for use in the NSP
appr oach. Type (c) is used to obtain the ratio of strength to consolidation
stress for normal consolidation, Snc' while type (b} yields the paraneter Ao
required for Equation 1.

Specimens for cyclic triaxial tests were prepared and consolidated in the
sane way as specimnens for static tests (b) and (c) above. Because the static
test for each consolidation condition was performed first on an adjacent
sanple, an estimate of the static strength of the cyclic specinen could be
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made. CQyclic stresses less than the estimated static strength were then
applied and the nunber of cycles needed to cause a predeternmned one-
directional strain was neasured. Nearly full stress reversal (tensile and
conpressive stresses approximately equal) was developed. Loading was
sinusoidal with a frequency of 0.1 Hz. The results were graphed on a plot of
relative stress Jlevel (maxinum average one-directional cyclic stress/estinated
static strength) versus the log of nunmber of cycles to 20% one-directional
strain. A straight line connecting the data points was drawn and the stress
level required for failure in 10cycles was estimated by interpolation or
extrapol ation. Because 10 cycles is a characteristic nunber of significant
cycles for a major eart hquake (Seed and Peacock, 1971), this stress |evel was
used for AD in Equations 1 and 3 for earthquake analysis. The paranmeter AD
for stormwave-induced instability would correspond to a larger nunber of
cycl es.

RESULTS

Study Areas and Core Locations.' To sinplify locating core sanple and in
place data, the region has been divided into eight study areas. Many of the
study areas are associated with the nmjor failure features discussed
previously. Proceeding from west to east the eight study areas are (Figure
14):

(a) Copper River

(B) Kayak Trough

(c) Bering Trough

(D) Icy Bay

(E) lcy Bay- Ml aspina
(F) Yakutat Bay

(G) Yakut at

(H) Alsek River

A ninth category, "other", includes a few sanpling and in place stations
that fall outside the regular areas.

Core and in place test location maps for each study area are given in
Figures 15 through 21. The coordinates for these locations are given in

Table 1.

O ganization of Laboratory Test Data Presentation. Al of the index
property data are provided on summary plots in Appendix C  These data include
water content, Atterberg limits, vane shear, grain size and grain density.
Downcore |ocations of sanples on which consolidation and triaxial tests were
performed are also shown. The nature of these tests is indicated by a coded
test nunber. ‘The code for the test nunbering systemis as foll ows:

First tw letters:

(a) CE - Oedometer test

{b) CE -« Constant rate of strain (CRS) consolidation test
(c) TE « Static triaxial test

(d) TC = or D= Cyclic triaxial test

Trailing characters:
(a) No trailing characters = test perforned by the USGS
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(b) L1 - Test of 1977 core sanple by Law Engineering and Testing Conpany
(¢) G = Test of 1977 sanple by Geotechnical Engineers, Incorporated

(d) B - Test of 1977 sanple by University of California, Berkeley

(e) L2 - Test of 1980 sanple by Law Engineering and Testing Conpany

Critical sediment geotechnical parameters from each test are summarized
in Tables 2 (consolidation), 3 (static triaxial) and 4 (cyclic triaxial).
Graphical presentations of the results of each test are given in Appendices D
(Law Engineering testing of 1977 cores), E (Geotechnical Engineers
Incorporated testing), F (Law Engineering testing at 180 cores) and G (USGS
testing of 19 and 1% cores). The appendices are grouped according to the
organization performing the test because of a variation in the formts
followed in graphically presenting the data. Each appendix is subdivided
according to test type (consolidation, static triaxial or cyclic triaxial).

For the consolidation tests, a standard plot of void ratio, e, versus
vertical effective stress, oLt is given. These plots were used to obtain the
slopes of the virgin conpression and rebound curves (c, and c_) and the
maxi num past stresses, o__', all of which are tabulafed in Table 2. For sone
of the testing organizations, a plot is also given of the calculated
coefficient of consolidation, C,r VErsus the vertical effective stress

For the static triaxial tests, plots are given of the shearing or
deviatoric stress, g, versus the mean normal effective stress, p. These
stress paths provide a definition of the failure envelope and indicate whether
sediment behavior is of a collapsing (bend to the left) or dilitative (bend to
the right) nature. Also given are plots of shearing or deviatoric stress and
pore pressure change versus axial stress.

The cyclic triaxial test plots include shearing stress-axial strain
curves (hysteresis loops) and shearing stress-average normal effective stress
(stress patq) plots for selected cycles. The stress path plots indicate
roughly the failure envelope applicable for cyclic loading and the rapidity
with which pore pressures develop as a result of cyclic loading. The
hysteresis loops indicate danping (proportional to relative area of each |oop)
and degrading stiffness (proportional to average slope through each |oop).
For the USGS tests these results are further presented on four additiona
plots that show pore pressure developed, danmping, stiffness (modulus) and peak
strain developed as a function of cycle nunber

In Place Test Data. The results of in place vane shear testing are given
in Figures 2Z tnrough 26 and cone penetrometer records appear in Figures 27
through 34. The vane shear results are plots of calculated undrained shearing
strength versus sub-bottom depth. The cone results are continuous plots of
cone pressure versus depth. Additional information plotted on the figures is
discussed in a later section

SYNTHESIS AND DI SCUSSI ON

Analysis of Paraneters. A mjor goal of the geotechnical testing was to
provide parameters that could be inserted into Eguation 3 so that a stability-
related parameter, the critical acceleration, k, could be calculated. These
parameters are
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(a) Spe = ratio of wundrained strength to consolidation stress for
normal consolidation

(b) A, - test type correction factor

(c) - cyclic strength degradation factor

(d) y = degree of consolidation

(e) OCR = overconsolidation ratio

(£) h, = mnormalized strength exponent

(g) Y/Y* -~ ratio of submerged unit weight to total unit weight

(h) a - slope angle

The next few sections discuss several of these paraneters and how they
were obtained from the basic engineering properties given in Tables 2 through
4 and in the appendices. Mst of these paraneters are correlated wth
sedinment water content. In these correlations the water content is used as an
index property that is representative of nmore basic sedinent characteristics
such as clay mineralogy, grain size and plasticity. The water content is used
in place of these other parameters because it is the only parameter that was
measured in conjunction with every other test. Also, because nore water
contents were measured than any other property, correlations can be applied to
any location where a water content nmeasurenent was made. The influence of in
place consolidation on reducing the water content wth sub-bottom depth is
ignored because of the shortness of the cores and the relative
inconpressibility of the silty sedinent. The significant down-core
fluctuations in water content in many of the cores appear to be related to
basic lithologic changes.

Undrained Strength to Consolidation Stress Ratio for Nornal
Consolidation, s__. The type (¢) tests listed in Table 3 were used to obtain
values of §_ .. Bfe criterion used to di stinguish type (c) tests was that the
. n . . . . .
final consolfBation stress applied in the triaxial cell needed to exceed the
natural maxi mum past stress by at least a factor of 3. Any | ower
consol i dation stresses, in conjunction wth disturbance effects, might produce
a sanple with sone characteristics of overconsolidation (Ladd and Foott,
1974). The ratios of strength to overburden pressure for all of the type (c)
tests were obtained and are plotted versus water content in Figure 35. The
correlation is fairly good, given the scatter typically involved in
geot echni cal measurenents, and shows a trend toward decreasing s . with
increasing water content. A solid line follows the trend of the tests for
which the initial consolidation was isotropic. The tests for which initial
consolidation was anisotropic (lateral stress about one-half of the vertical
stress) are shown with circled dots. Athough a linitation in the nunber of
these points prevents the construction of a line as conplete as that for
isotropic consolidation, a line with values of § that are 0.8 tines the
isotropic values seens to fit the data fairly Wl .

Test Type Correction Factor, Axe The factor A, ideally should relate
strength under [laboratory test rate, test mode and consolidation stress
conditions to the strength effective in the field under natural |oading
condi tions. Mbst aspects cannot be considered without a major increase in the
scope of investigation. The relation between strength under |aboratory
consolidation (predomnately isotropic) and field consolidation (predom nately
anisotropic) condition is straightforward and represented by the difference
between the two lines in Figures 35. Because a ratio of 0.8 appeared to

account for mostof the variation, this value will be used for AC. The val ue
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is simlar to that obtained in an earlier study of sediment from offshore
northern California. (Lee and others, 1981).

CQyclic Strength Degradiation Factor, « Results of cyclic triaxial
tests on fine grained sediment are typically presented on a plot of cyclic
stress level (as a percent of static strength) versus number of cycles to
failure (Lee and Focht, 1976). Such a presentation is dependent upon
know edge of a static strength that can be used for normalization. In the
University of California, Berkeley tests, the static strength of a third
sanple cut from the same increment as two cyclic test sanples was
det erm ned. Normalizing the cyclic stress levels by this static strength is
legitimate because the cyclic sanmples probably would have had the same
strength if failed statically. For the USGS and Law Engineering tests,
however, a static strength was measured on a sanple from the same core but a
different depth increment from that of the cyclic tests. One method (Method
) of normalizing the cyclic stress is to divide the cyclic stress level by
this measured static strength. In some cores, however, there were lithologic
changes downcore and the static and cyclic tests were not run on the same
material type. This problem was solved partially by estimting a static
strength from the water content and consolidation stress of the cyclic sanple
and an estimate of the ratio of static strength to consolidation stress from
Figure 35. This approach to obtaining the static strength is termed Method
Il. A third method of handling this problem is to elimnate the need for
static strength estimation by evaluating the product AD Sne rather than its
conponent s. Because a, is a cyclic shear stress. .t o divided by a static
strength, s,, and snc I's s, divided by a consolidation stress, g ', the
product is % /%' This Tatio can be obtained from a cyclic test alone
wi thout any Sta¥% test results. The use of the ratio T /e IS termed
Method I11.

Plots of relative cyclic stress levels versus number of cycles to failure
are given in Figures 36 through 48.  Separate figures corresponding to the
three nethods of analysis are given for the USGS/ Law Engineering test
results.  The lines shown in the figures connect two or nore cyclic test
results and have been extended when necessary to cover the 10 cycles to
failure zone. For nmethods | and II, the relative stress level corresponding
to 10 cycles to fallure was taken as a For nmethod Il this value was taken
as Ay s 0 ', Pots of relatlee stress level for failure in 1 cycles
versus represenf:atlv% water content for the three methods of analysis are
given in figures 49 through 51. Method || (Figure soy shows a sonewhat closer
correlation than Mthod | (Figure 49); a solid line fit of the data shows an
acceptable level of scatter (Figure 50). The trend shows an increase in
with increasing water content. That is, the lower water content coarse SiiIts
and sands are more susceptible to cyclic strength degradation than are the
higher water content fine silts and clays. The product of the solid line fits
for S, c (Figure 35) and A (Figure 50) yields a solid line fit for Sye AD
versus water content (Mathod 11, Figure 51).

Some of the University of California, Berkeley, tests were performed with
a static hias (Figures 36 through 39). That is, following nearly isotropic
consol idation but before cyclic shear, a static shearing stress was applied.
The sinusoidal cyclic stress was then applied relative to the static bhias.
The level of principal stress rotation (alternating conpressive and tensile
stresses) is reduced as the static bias is increased. Herrmann and Houston
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(1976) show that the greater the level of principal stress rotation the

greater is the extent of cyclic strength degradation. In cyclic earthquake
loading of nearly horizontal sediment deposits, there is considerable rotation
of principal stresses with each mjor cycle of loading (Seed and Peacock,
1971).  Therefore, the case of no static bias or full stress rotation is nore
realIstic as well as more conservative. The tests wth a significant static
bias give an intermediate level of cyclic strength degradation.

Degree of Consolidation U Overconsolidation Ratio (OCR) and Normalized
Strength Exponent, A critical concern in evaluating offshore stability is
the relative consollgatlon state of the sediment. Table 2 provides some
information on consolidation state in the form of two parameters: o' and

'/Y'z. The paraneter., o ' is the difference between the maxi munt past
stress, 0_ ' and the submerged weight per unit area of overlying naterial,
Y'z. The parameter IS negative for underconsolidated sediment (not all
submerged  overburden carried by interparticle stress), zero for normal
consolidation and greater than 1 for overconsolidation. The ratio VAR zis
the degree of consolidation, U for values of o ! less than or equal to 1 and
the overconsolidation ratio (OCR) for values greater than or equal to 1. As
my be seen, scattered values of both parameters were obtained with apparently
underconsol i dated, normally consolidated and overconsolidated sediment all
present.  There is little consistency among the values, however, and in only
about 10% of the tests is the absolute value of o * greater than 50 kpa.
Because of inaccuracies present in the Casagrande  procedure and coring
disturbance, these small deviations from normal consolidation are probably
insignificant. In later sections additional in place data and theoretical
information is used to further evaluate the consolidation state of these
sedi ments. Based on Table 2 alone, it appears that the best estimate for both
U and OCR for nost of the cores is 1.0 (normal consolidation).

In anticipation of at |east some of the cores being overconsolidated, a
few static triaxial tests of the type (b) variety (induced overconsolidation
ratio) were performed. These were wused to obtain estimates of the parameter
AO needed for Bquations 7 and 3. To obtain A, one first obtains the ratio of
undrained strength to consolidation stress for a specimen that has an induced
overconsolidation ratio (OCR known). his ratio is divided by the ratio of
strength to consolidation stress for normal consolidation, s . to obtain a
shear strength that has been normalized twice. Again, s__'may be obtained
from a test on a different sanple from the same core or ‘estimated from Figure
35 (if the initial water content of the induced OCR sanple is known). These
methods are termed | and Il, respectively, and are simlar to Methods | and Il
for normalizing cyclic triaxial test data discussed previously. The paraneter
Ao is obtained by dividing the log of the twice normalized shear strength by
the [og of the induced OCR (Mayne, 1980)., Values of A_ (by both Mthods | and
1) and the internediate parameters required to calculate them are given in
Table 5.  There is considerable scatter and a few values exceed 1.0 (not
physically reasonable; probably indicative of experimental error at sone
level). Also, there is no correlation between A_and water content. The

. o] . .
average value of 0.9 would be appropriate for overconsolidated sedinent.
However, in the present study, all Holocene glacial-mrine silty clays tested
appear to be wunder- or normally consolidated.

Ratio of Subnerged to Total Uhit Wight, y'sy. The ratio of subnerged to
total unit weight can be calculated directly from the water content by
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assuping 100% saturation and using the average neasured grain density, 2.8
g/cm”.

Validity of NSP Approach, Vane Shear Tests and Type (a) Triaxial Tests.
One purpose of performng in place strength tests was to provide a ground
truth check on values obtained in the laboratory. tie locations where both in
place vane shear tests were performed and cores were taken for shore
geotechnical analysis offer an opportunity to check the quality of [|aboratory
strength  determnation procedures. Strengths were measured in the
| aboratory using €He mniature vane, type (a) static triaxial tests
(consolidation to a low value, often near the estimated in situ overburden
stress) and normalized soil property (nsp) oriented tests (types (b) and
(e)). These. laboratory strength determnations are shown on the sane figures

as the field vane shear results (Figures 22 through 26). In these conparisons
the laboratory vane shear results are consistently lower than the field

results.  The laboratory values range between about 50 and 80% of the field
values.  These findings are thus in line with a value of 60% obtained for a
low plasticity (pi=15%) southern California sedinment (ree,“1979). The type
(a) static triaxial tests consistently vyielded strengths 150 to 250% higher
than the field values.

The NSP values were obtained by using measured core water contents to
obtain ratios of static strength to overburden effective stresses (S,.) from
Figure 34, The overburden effective stresses were obtained from y'z {average
submerged unit weight tines depth) and multiplied by the s__ estimates to

. . . . . ne .
obtain an estimated shear strength profile. An inplicit asSunption of normal
consolidation was made. These estimated shear strength values ranged between
about 60% and 140% of the measured field values for the depth range sanpled
(excluding the upper 1 m). Below the level of sanpling, a range of estimated
strengths is given, corresponding to the range of water contents measured in
the core. In this deeper wunsanpled sediment the NSP estimted shearing
strengths were about 80 to 140% of the field values.

The NSP approach appears to provide the best estimate of the in place
shearing strength values while the type (a) static triaxial test
(consolrdation to a low stress level wth no normalization) appears to provide
the poorest estimate and has the lowest correlation wth the in place
results. The sinple laboratory vane shear test is nearly as accurate as the
NSP approach if measured strengths are multiplied by a correction factor of
about 1.7 (1/0.6) to account for disturbance. The laboratory vane test is not
suitable for extrapolation below the Ilevel of sanpling or -evaluating cyclic
strength degradation, however.

~ Evaluation of Consolidation State Using Field Strength Results and
G bsons—Theory. Laboratory consofidarion tests showed fittre indication of

underconsolidation but the results were fairly scattered. Another means of
judging consolidation State is to conpare field vane strengths with NSP
generated  strengths.  Such a conparison (Figures 22 through 26) shows no
indication of overconsolidation except possibly for the upper 3.5 m of field
test W-1. That is, the field strengths do not greatly exceed the NSP
strengths calculated by assumng normal consolidation. Wth field test M-1
the high field strengths are probably a result of layered sand observed in
nearby vibratory cores rather than true overconsolidation.
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Field tests M-4 (Figure 25) and, to a lesser extent M-5 (Figure 26)
suggest that a state of underconsolidation exists in the sedinent in the
eastern portion of the Ilcy Bay-Milaspina study area. The field strengths are
60 to 80% of the NSP generated strengths for normal consolidation. Excluding
any other errors or opportunities for wvariability, these values correspond
directly to the degree of consolidation.

Tofurther evaluate the potential for underconsolidation in the northeast
QIf of Awaska, we performed a sinplified theoretical analysis wusing the
nmet hod of G bson (1958). Gbson nodeled a layer of sediment deposited at a
steady and continuing sedinentation rate, m that began to be deposited at a
time, t, in the past. The degree of consolidation at the base of the sediment
colum can be predicted (Figure 52) as a function of the dinensionless
par anet er, mzt/cv, where c_ is the coefficient of consolidation. The degree
of consolidation at shallower levels is somewhat |ower.

val ues of ¢, were neasured in this study but are fairly scattered and
i nconsi st ent (TabYe 2). To reduce the scatter, a sinplified correlation
bet ween c, and liquid limt (Figure 53) fromLambe and Wiitnan (1969, p. 412)
was used along with average liquid limt values for several |ocations.
Sedi mentation rates were taken from Figure 3.

By conbining the results of Figures 52 and 53, we constructed Lines of
constant degree of consolidation on a plot of liquid linmt versus m“t (Figure
54). UWsing neasured results, locations wthin the eastern Qlf of Aaska were
plotted on the sanme figure. The position of these data points relative to the
lines of constant degree of consolidation indicates the theoretical degree of
consolidation of the sites. Mst of the sites fall to the left of the 90%
consolidation line indicating a degree of consolidation approaching 100% All
of the field vane shear tests except M-4 (eastern Ilcy Bay-Mlyaspina study
area) correspond to sites that fall in this range. The eastern Icy Bay-

Mal aspina study area has a theoretical degree of consolidation of about 85%,
somewhat greater than the discrepancy between NSP and field strengths (Figures
25 and 26), but in the same range. Therefore, several lines of evidence
(field versus NSP strength, theory and consolidation test results) suggest a
degree of underconsolidation (60 to 85% of normal consolidation) of the
sedinent in the eastern Icy Bay-Milaspina study area. As indicated on Figure
54, the eastern portion of the A sek prodelta study area and Kayak Trough may
also display a simlar underconsolidation level. Two of the enbayments, Icy
Bay and Yakutat Bay, appear to be highly underconsolidated, having degrees of
consolidation of 30 and near 15%, respectively. The remainder of the Holocene
glacial-marine sedinent sites appear to be normally consolidated.

Citical Acceleration Calculation. fhe critical acceleration, k, is
calculated from Equation 3. |If we assune nornal consolidation (U=0CR=1) and
hori zontal surfaces (a&=0), then all of the renai ning paraneters have been
obtained as a function of water content in the sections above. Note that wth
a value of OCR equal to 1.0, the value of Ao is irrelevant. Also, with OCR
equal to 1.0, the solution for k is independent of sub-bottom depth. By
conmbining the best fits of the data using Equation 3, a plot of critical
acceleration versus water content can be drawn (Figure 55). ‘he resulting
values of the critical acceleration have a broad-based ninimm between water
contents of 35% and 45% On either side of this zone the acceleration
increases rapidly. The existence of this ninimum range indicates that certain
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types of sediment found in the eastern Qlf of Aaska are nore susceptible to
earthquake loading than others. If we assume that each location within the

region has the same potential ground shaking intensity and that
underconsolidation and slope effects can be ignored initially, then |ocations
that have more of the susceptible material should have failed more often.
Wthin the Icy Bay-Mlaspina study area (Figure 56}, this appears to be the
case. The portion of each core with a water content between 35% and 45% has
been calculated and listed by the location of the core. It appears that those
cores within the observed failure feature typically have nore of the
susceptible sedinent than do those outside the feature. The correlation is
not exact but is consistent. Thus mapping of vulnerable material according to
surface core water content may bevi abl e even though the extent of
underconsol i dation, steepness of slope, variations in seismcity and
variations in seismic response have not been considered.

The distribution of susceptible material in the Yakutat study area is
shown in Figure 57. The correlation of susceptible naterial wth the slunp
zone is not as good as for the Icy Bay-Mlaspina area. The higher level of
underconsolidation in the Icy Bay-Milaspina area may contribute to the greater
extent of failure. Aso, the boundaries of the Yakutat slunp are poorly
defined acoustically.

In the Alsek study area (Figure 58), all cores were collected within the
failure zone. The mjority of sanples appear to consist of susceptible
sedi ment .

Regi onal Variations. Mst of the geotechnical properties discussed above
have been tied together through a seisnic-induced instability analysis. A
correlation of parameters with water content has shown some consistent trends
and has helped to identify a susceptible sediment type. The water content, in
turn, typically increases offshore, although not consistently. Downcore
variations in water content are |arge.

No consistent variations in the correlations of geotechnical paraneters
with water content were found that could be related to study area. | ndeed,
the differences between study areas appear to be of the same order as
variations within study areas. Some differences in [landslide norphology were
noted in the geologic framework discussion that cannot be explained by these
basic correlations. For exanple, the mltiple, conplex flows of the Al sek
prodelta contrast with the massive but sinple rotational slunps of the Icy
Bay- Mal aspina study area. (e possible explanation of these norphol ogy
differences is that fundamental sedinentol ogical parameters contribute to
variations in post failure behavior. That is, certain geotechnical properties
that correlate well with water content may determne the point of initial
failure. Muvenent after failure may be controlled by other characteristics
that are not properly evaluated in triaxial testing.

An exanple of at least one characteristic that appears to vary
consistently among the study areas is plasticity. Al of the Aterberg linits
measur enent s, grouped according to geographic area, are plotted on a series of
plasticity charts (plasticity index versus liquid limt, Lambe and Whitnman,

1969, p. 35) in Figures 59 through 64. Least squares regression fits of each
set of data were developed and displayed fairly good correlation

coefficients. Figure 65 presents asummary of all of the l|inear regression
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lines. Al plot above the "Aline" and fall near or wthin the zone generally
occupi ed by glacial clays (Lambe, 1951, p. 27). Mst sedinent classifies as
CL ("inorganic clays of low to medium plasticity, gravelly clays, sandy clays,
silty clays, lean clays"). The regression lines are nearly parallel to each
other and to the "A-line." The continental shelf study areas (A sek prodelta,
Yakutat, lcy Bay-Malaspina, Copper Rver) show a progressively greater
distance from the "A-line" as one progresses toward the west. The Al sek
prodelta slide, which has the mostunusual norphol ogy, provides data that plot
closest to the "Aline." The enbaynents (lcy Bay, VYakutat Bay) and troughs
(Bering, Kayak) show the greatest distance from the "Aline". fThis behavior
probably relates to changes in clay nmineral activity. The unusual norphol ogy
of the Al sek prodelta slides and flows mayrelate to these changes in index
properties.

SUMVARY AND  CONCLUSI ONS

1. Previ ous studi es have shown t he majorseafl oor geol ogi ¢ hazards in the
eastern Qulf of A aska to be slides and flows, shallow faults, gascharged
sedinent and buried channels. Excluding shallow faulting, these hazards on
the continental shelf are associated wth Holocene glacial-marine sediment.
This sediment consists primarily of sand and muddy sand in water depth less
than 50 m and clayey silt at greater depths. The Holocene glacial-narine
sediment is a typical glacial rock flour produced by intense mechanical

weat heri ng. Massive failure features have been identified acoustically on

sl gpes of 0.5°to 1,3°on the continental shelf. Sedinment volumes of up to 32
km~ are involved.

2. Bot h underconsolidation (Hanpton and others, 1978; Carlson and ot hers,
1978; Mol nia and Sangrey, 1979) and bubbl e- phase gas chargi ng (Carlson and
others, 1980; Hanpton and others, 1978; Mol nia and Rappeport, 1980) have been
suggested as principal causative factors for sedinent instability in the

regi on. The present study indicated that both features are present but that
their occurrence is unconmon.

3. Cyclic loading by stormwaves and particul arly earthquakes appears
sufficient to cause the observed failure features. Gas charging and
underconsolidation nay facilitate failure in a few locations. Mjor wave
induced shearing stresses exceed major earthquake induced stresses only in
relatively shallow water (less than 35 to 76 m,

4. As noted by Ladd and Foott (1974), the nornulized soil paraneter (NSP)
approach appears capable of partially overcomng the problens of coring
disturbance and core shortness in obtaining valid geotechnical properties.
This is illustrated in this study by good conparisons between NSP generated
strength profiles and those nmneasured with an in place vane shear device. (ne
comparison that is not as good can be explained by underconsolidation
predicted by dhbson's (1958) analysis.

5. Laboratory vane shear tests produce shearing strengths that are
consistently lower than the field strengths. Triaxial  specinens consolidated
to near the in place overburden stress produce strengths that are erratically
higher to much higher than the field strengths.
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6. There is little evidence for overconsolidation in the Holocene glacial-
marine sediment tested.

7. Many of the geotechnical parameters correlate well with water content,
which is probably representative of more basic sediment characteristics such
as clay mineralogy, grain size, and plasticity. According to laboratory
tests, sediment with a water content between 35% and 45% is most susceptible
to earthquake loading. Cores that contain more of this susceptible material
roughly correlate with the locations of failure features.

8. Differences in failure morphology are difficult to relate to advanced
geotechnical parameters but may relate to observed variations in plasticity.
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Table 1., Core and in place test locations organized by study area Table 1, Core and in place test locations organized by study area (continued)

Study Cruise Core or In Plgce Latitude Longitude
N
Study Cruise Core or In Plgce latitude Longitude Area Test Number
Area Test Number Icy Bay- DC2-80-EG 196G 59°  36.50' N 141° 19.10' W
° 36.50' ° 19,10' W
Copper SB-77-EG P 60° 15.18' § 145° 45,91 W kalaspina :;;G ::» 32 2? : :::" 23 ;' W
River 6G 60° 12.94' N 145° 44.87' W 10 s9° de.er N 140° 19,90 w
76 60° 12.93' N 145° 44.79' W wv4 590 36'6, N 141 23.4' W
8G 60° 10.64' N 145° 45.13' W WS 590 36'5, N 1400 19", W
% 60° 10.64' N 145° 453 W DC1=81-EG 626G3 595 35.00' N 140° 33.60' W
] . 3 L]
Kayak 58-77-EG 106 60° 06.59' N 144° 39.06' W :;;2; :g, 32'3‘5’, N ::8, ::":g, "
Trough 116G 60° 06,59' N 144° 39.06' W 62862 590 37'60, N 1400 57'00, W
136 60° 05.12' N 144% 40.44' W 62863 §9° 37.50' N 140° 56.90' W
146 60° 05.12' N 144°  40.44' W 630A1 59° 41.90' N 141°  20,10' W
156 60° ©0.44' N 144° 34,55 W 630A2 59° 41.70' N 141° 20.20° W
166 60° 00.93' m 144°  40.16' w 63261 59° 35,50' N 131° 09.50' W
176 60° 01.15* N a4® 40.7' W 63262 59° 25.,50' N 141° 09.50" w
186 59° 56.05' N 144°  39.14° W 633G1 599 32.40° N 131°  06.00' W
196 59° 56.22' N 144° 39.24' W 63362 59° 32.40' N 141°  06.00' W
206 59° 56.35' N 144°  39.34" W 63461 $9° 30.20' N 141°  00.00' W
216 59° 56.43' N 144° 38.27' W 63462 59°  30.20' N 141°  00.00' W
o 39,87 141° 09.15' W
Bering 58-77-EG 346 59° $6.53' N 143° 32,36 W DCY-77-EC 9,3::2 :g, ;4 g;. : 1::, 51 4:. w
Trough 366G 59° 56.64' N 143° 35.75' w 7090 590 34'30, N 1419 51"5. W
386 59° s8.05' w 143° 38.00" w 7108 59° 41.50' N 141° 40,50' w
) 1] ] L]
lcy Bay-  S8-77-EG 256 59° 34.86°' N 141° 58.20' W ;:‘1’: ::, ey . gg';g. M
Malaspina 26G 59° 45.29' N 141° 57.17' W 2158 S9e 36'45, N 1410 47'45. W
276 59° 49.38' N 141° 55.61' W 715c 9o 36'45, N 141° 47.45% W
286 59° 30.98' N 141° 20.73' W 7178 59° 39.30° N 1410 42.20' W
236 39° 3.3 N 141° 20.90' W 7117C 59° 39.30° N 141°  42.20° W
3@ 39° 34.30' N 141° 21,040 W 7188 59¢ 38,45' N 142 07.30' W
326 59°  34.43' N 141°  20.96' W 7198 59° 42.60' N 142° 01.85' w
336 390 37.45' N 1410 20.18" W 7208 59° 45.65' N 141° 57,85' W
DC2-80-EG 95G 59° 36.60' N 141° 23.40' W 27210 590 47.00' N 1410 52.85¢ W
986 397 36.60' N 1410 23.30° W 721D 59° 48.00' N 141° 52.85' W
1736 59° 38.05' N 141° 22.75' W
1756 59° 37.25' w 1410 23.35' W Icy Bay  §8-77EG 396G 60° 04.16' N 141° 23.42' W
176G 59° 37,25' N 141° 23.5' W 00 €0° 03.50° N 1410 22.27' W
178G 59° 36,10' N 141° 23,50 W oo €00 01.71% N 1410 21.06' W
179G 59° 36.00' N 141° 23.40' W 426 €0° 01.05° N 1415 21.31° W
181G 59° 35.30' N 1471° 24.60' w 43G 59% 56,99 N 141°  26.49°' W
1826 59° 35.20' N 181°  24.50" W .
44 59° 59,03' N 141° 27.54' W
184G 59° 34.40' N 141° 25.30° W ¢ 3
1856 59°  34.40' N 1410 25.30" w Yakutat  S8-77-EG 456 . 59° 52.15' N 139° 41.85' W
187G 59° 33.30' N 141° 25.80' W pay e 590 §2.21¢ N 1380 41.81" W
188G 59° 33.30' N 141° 25.80' w 476 59° 43,93' N 139° 42,08' W
190G 59° 32,50¢ N 141°  26.30" W 80 Se 38.22¢ N 1390 47.93° W
191G 59° 32,50' N 141°  26.30' W
193G 59° 31,20' N 141°  26.6' W '
DC2-80-EG 61 59° 28.45' N 139° 48,16' W
1946 59° 31.30° N 141° 26.20' W Yakutat  DC2-80 eae 590 28.23% N 1395 48.83' W
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Table 1. Core and in place test locations organized by study area (continued)

Study
Area

Yakutat

Alsek
River

Cruise

DC2-80-EG

DC1-81~EG

DC2-80-EG

Core or In Place
Test Number

65G
66G
69G
726
83G
846G
85¢
87G
88G
MP4
]
Mv2
MV3
616A2
617G1
617G2
61861
618G2
619G1
620G1
620G2
621G1
621G2
623A1
624A1
624A2
625A1
625A2

MC3-22
236
26G
28G
29G
316
326
35G6
36G
386
436
46G
476
496
506
526
556G
56G
MP3

59°
§9¢
59°
59°
59°
59°
59°
59°
59°
59°
59°
59°
59°
59¢
59°
59°
59°
59¢
59°
59¢
59°
59°
59°
59°
59°
59°
59°
59°

59¢
59°
59¢
59°
59¢°
59°
59°
59°
59°
59°
59°
59°
59°
59°
59°
59°
59°
59°
59°
59°

Latitude

28,22
28,20
28,13
27.83
28.21"
28.2%'
27.71"
27.49'
27.50°
28.21"
28.63"*
28.21"
28,63
28.80°
22.70"
22.90'
23.19'
23.34"
24.45°
25.59¢
26,03
26.58"
27.04"
28,70
28.70°
28,70
28.70°
28.50'

06.99'
06.99°*
07.09*
06,99
06,93"
06.89°
06.99"
06.99'
06,94
06.94"
06.94"'
06.91"
06.94"
06.92"
06,92'
06.93°
06.93'
06.88"
07.00"
07.74'

z
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13g9°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139°
139¢
139°
139°
139¢

138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°

Longi tude

48.97'
48.88"
49.38'
49.59°
48.00°
48.40"
50.06°'
50.58'
50.64"
48.40'
48.14"
48.40'
48.15°*
48.10'
48.90°
48.80"
48.45'
48.44"
48.19'
48.09'
48.20'
47.31
47.34°
49.70"
49.10'
48.70"
47.90!
48.20°

44.31°
44.31"
44.19'
43.97!
43.85°'
43.72"
43.72"
43.39°
43.44°
43.17"
43.09°
42.85"'
42.79"
42.63"
42.67'
42.58"
42.10'
42.11"
44.29'
43.85"
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Table 1. Core and in place test locations organized

Study Cruise Core or In Place
Area Test Number

Alsek DC2-80-EG MP7
River MV
DC1-81-EG 601G2
602G3
603G1
604G3
604G4
605G1
605G2
606G1
606G2
607A1
607A2
608A2
6091
610A2
611Gt
611G2
Gi12G1
G13G2
G14G2

Other S8-77-EG 16
26
23G

DC2-80-EG 926G
MP2
MP8

DC1=81-EG 61541

DC1-77-EG 7008
704B

Core or test number code

latitude

59°
59°
59°
59°
59¢
59°
§9°
59°
59°
59¢
59°
59°
59°
59°
59°
59°
59°
59°
59°
59°
59°

60°
60°
59°
§9°
59°
59°
58°
59¢
59°

07.74°
07.00°'
06.60'
06.18°
06.16*
06.02°
06.09'
05.47"
05.49"
05.50"
05.27*
07.60*
07.50*
06.90"'
05.70"
05.50"
04.90'
05.10"
05.60"
06.20°'
07.00°'

02.21°
0z2.21!
50.75"
00.15*
18.81°*
00.16'
18.80°'
42.15'
55.10'

G, B, C, or D ~ Gravity or piston core

A - Vibratory core

MP - In place cone penetration test

MV - In place vane shear test

by study area (continued)

2 BB EEEEEEEEEEEEEEEEE]

ZZ22Z2ZEZZ=2Z

Longi tude

138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138°
138¢
138°
138°

147°
147°
144°
139°
139°
139°
139¢
142°
142°

43.85'
44,31
42.20'
40,25
39.25"
39.42"
39.57"
38.01*
38.09'
36,80
37,13
44.60"
44.60'
45,40
39.60'
37.70
38.60°'
39.10°
40,50
43.70°"
46.10'

11.28'
11.28°
24.26'
54.03"
18,59
54.01"
19,20
41.80"
31,05
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Table 2. Consolidation Test Results

Cruise Depth in Test Study Area Y*z,kPad o, ',xraP o ',kpa®  Tm'" c.® cf c 9 Initial
—_— ’ vm e’ — (] 8 2%
Core # Core, z, c Number Y'z (em“/sec) Water
x10~d Content, %
S8-77-EG
1G 80-90 OE1L1 Other 6.5 7 0.5 1.08 0.20 0.015 0.5-2 45.8
230-235 OR2L1 Other 17.8 17 ~0.8 0.96 0.15 0.020 0.5-3 37.5
4G 90-100 OE1G Copper River 7 13 6 1.86 0.13 0.027 0.8-4 47.5
190-200 OE2G Copper River 13 12 -1 0.92 0.20 0.023 1.1-4.4 45.3
310-320 OE3G Coppex River 23 14(7?) -9 0.61 0.28 0.038 2.,0-4.1 39.2
400-410 OBAG Copper River 31 40 9 1.29 0.24 0.020 4.5~5.8 36.0
605~-610 OESG Copper River 49 29(7) =20 0.73 0.23 0.032 4.0-5.0 40.1
6G 30-40 OE6G Copper River 3 10 7 3.33 0.41 0.032 0.4-2,5 61.9
100-107 OE7G Copper River 6 8 2 1.33 0.48 0.053 0.6-2.4 60.5
7G 850~860 OE86 Copper River 66 39(7?) -27 0.59 0.36 0.045 2.0-3.3 4a5.1
8G 200~210 OE9G Copper River 12 17" -1 0.92 0.49 0.061 0.5-1.4 73.6
350-360 OE10G Copper River 22 20 -2 0.9 0.41 0.041 2.0-3.1 55.9
410-420 OE11G Copper River 26 26 0 1.00 0.71? 0.1057 1.5-3.3 58.0
660-670 OE12G Copper River 45 68 23 1.51 0.42 0.062 2.5-3.1 52.3
730-740 OE13G Copper River 51 56 5 1.10 0.37 0.039 3.8-4.8 41.7
800-810 OB14G Copper River 58 58 0 1.00 0.30 0.033 3.5-4.8 42,0
860-870 OE15G Copper River 63 56 -7 0.89 0.33 0.033 3.9-4.9 43.8
9G B85-100 OE16G Copper River 5 1" 6 2.20 0.48 0.048 1.0~3.0 77.7
290-300 OE17G Copper River 20 18 -2 0.90 0.25? 0.034 2.1-48.1 45.2
106G 190-200 OE3L1 Kayak Trough 13.9 27 13.1 1.94 0.17 0.015 -2 38.9
116 115-125 OE4L1 Kayak Trough ‘1.8 ? ? ? 0.17 0,02 0.2=-2 28.4
240-250 OESL1 Kayak Trough 19.8 15 -4.8 0.76 0.15 0.015 2.6-3.5 35.7
390~400 OE6L1 Kayak Trough 31.9 60 28.1 1.88 0.20 0.02 1-3 39.9
545-555 OE7L1 Kayak Trough 44.2 45 0.8 1.02 0,20 0.03 2,5-8 41.2
14G 100-110 OEBL1 Kayak Trough 6.3 10 3.7 1.59 0.23 0.02 0.4-1.5 42.0
16G 10-15 OE9L1 Kayak Trough 1.1 6 4.9 5.45 0.31 0.015 ? 53.9
102-107 OE10L1 Xayak Trough 9.2 12 2.8 1.30 0.13 0.02 1-2 30.0
190-195 OE11L1 Kayak Trough 16.9 24 7.1 1.42 0.32 0.03 0.7-1.3 50.3
18G 30-40 OE12L1  Kayak Trough 2.2 ? ? ? 0.30 0.q2 0.2-0.5 63.8
180-190 Ak R Kayak Trough 14 7 =7 0.50 0.21 0.03 ? 47.7
250-260 OE14L1 Kayak Trough 18.2 44 25.8 2.41 0.24 0.03 1-2.5 52.5
19G 65-75 OE15L1 Kayak Trough 4.6 8 3.4 1.74 0.24 0.015 ? 53.9
160-170 OE16L1 Kayak Trough 10.9 17 6.1 1.56 0.38 0.04 0.7-1.5 57.3
260-270 OE17L1 Kayak Trough 17.5 15 -~2.5 0.86 0.20 0.03 0.5-1.8 42.3
21G 280~300 OE18L1 Kayak Trough 13.8 14 0.2 1.01 0.30 0.04 0.5-2.0 43.1
400~-410 OE19L1 Kayak Trough 19.3 35 15.7 1.81 0.25 0.02 0.03-2,5 49.7
23G 100-110 OE20L1 Other 8.6 " 2.4 1.28 0.09 0,01 1-5 29.0
25G 80-90 OE18G Icy Bay-Malaspina 6 9 3 1.50 0.21 0.026 1.,0-3.1 58.4
290-300 OE19G Icy Bay-Malaspina 21 44 23 2.10 0.40 0.050 0.9-2.6 53.4
26G 100~110 OE20G Icy Bay-Malaspina 9 12 3 1.33 0.17 0.02 2.5-3.3 36.9
200-210 OE21G Icy Bay-~Malaspina 19 14 -5 0.74 0.18 0.029 2.1-4.0 34.5
276 190-200 OE22G Icy Bay-Malaspina 18 37 19 2.06 0.07 0.010 2,9-5,6 26.7
29G 105-118 OE23G Icy Bay-Malaspina 9 14 5 1.56 0.23 0.021 2,1-4,5 39.4
185-195 OE24G Icy Bay~Malaspina 16 14 -2 0.88 0.25 0.027 2,0-4.1 44.6
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Cruise
Core #

88-77-26
29G
316

336

346
386

426G

476

DC2-80-EG

MC3-22

356

386G
43G

46G

49G
55G
84G

87G

181G

190G

Depth in
Core, %,cm

290~-300
90-100
180~-190
273-283
22-30
90-100
205-216
361-371
500-510
675~685
790-800
60-70
27-37
306-316
506-516
110-120
270-280
100-110
250-260

86-92
37-39
10-13
40-44
68-74
4-8
38-41
4-7
41~-44
64~77
74-80
14-21
76-84
200-210
146-148
86-96
263-271
354-261
374-381
33-35
116-118
196~198
30-38
227-234

Test
Number

OE25G
OE26G
OE27G
OE28G
OE29G
OE30G
OE31G
OE32G
OE33G
OE346
OE35G
OE21L1
OE22L1
OE36G
OE37G
OE38G
OE39G
OE23L1
OE24L1

OE1L2
CE11
CE7

CES
CE10
CE9
OErIL2
OE4L2
OESL2
OE6L2
OE7L2
CE26
OEB8L2
OE9L2
OE10L2
OE11L2
CE3
CE1
CE2
OE12L2
OE13L2

Table 2. Consolidation Test Results (continued)

[}
Study Area Y'z,kPa® o, v,kPa® o', kPa® YR ¢ c,f 9
] 29
Y'z fem</sec)
1 (x1073)
Icy Bay-Malaspina 26 20 -6 0.77 0.19 0.020 2.9~4.8
Icy Bay-Malaspina 9 15 6 1.67 0.16 0.019 4.6-6.1
Icy Bay-Malaspina 17 12 -5 0.71 0.17 0.017 2.0-5,5
Icy Bay-Malaspina 21 26 5 1.24 0.18 0.028 2,1-4.2
Icy Bay-Malaspina 2 13 1" 6.50 0.24 0.025 1.0-5.7
Icy Bay-Malaspina 9 33 24 3.67 0.13 0.019 2.8-6.1
Icy Bay-Malaspina 19 16 -3 0.84 0.13 0.018 2.7-5.0
Icy Bay-Malaspina 32 25 -7 0.78 0.21 0.025 2.3-4.9
Icy Bay-Malaspina 48 25 ~23 0.52 0.22 0.029 2.9-4.8
Icy Bay-Malaspina 62 66 4 1.06 0.18 0.023 2.9-5.3
Icy Bay-Malaspina 73 35(?) -38 0.48 0.16 0.024 3.8-5.1
Bering Trough 7 6 -1 0.86 0.05 0.008 1=-2.5
Bering Trough 3 6 3 2.00 0.20 0.020 0.9-1.6
Icy Bay 22 12 -8 0.55 0.020 0.23 0.3-2.0
Icy Bay 44 23 -21 0.52 0.43 0,081 1.8-3.2
Icy Bay 8 8 1] 1.00 0.34 0.039 0.3-1.6
Icy Bay 20 13 -7 0.65 0.29 0.050 1.0-2.8
Yakutat Bay 7.7 1 3.3 1.43 0.18 0.020 ?
Yakutat Bay 18.8 10 -8.8 0.53 0.18 0.025 0.5-3.5
Alsek River 7.6 22 14.4 2.89 0.20 0.023 3-28
Alsek River 3.8 80 76.2 20.9 0.09 0.014 —
Alsek River 1.0 19(?) 18.0 19.3 ——— —— —
Alsek River 3.2 47 43.8 14.6 0.22 0.02 —
Alsek River 6 22 16 3.67 0.20 0.021 6~17
Alsek River -1 11(?) 10.5 23.0 0.08 0.01 —
Alsek River 3.6 17(?) 13.4 4.7 0.09 0.01 ——
Alsek River «5 42 41.5 79.6 0.12 ———— ——
Alsek River 3.8 51 47.2 13.5 0.15 0.02 —
Alsek River 5.6 30 24.4 5.4 0.16 0.037 2.6-14
Alsek River 6.2 28 21.8 4.5 0.27 0.028 5.3-15.6
Yakutat 1.6 12 11.4 7.5 0.18 0.035 1.5~8
Yakutat 5.6 20 14.4 3.6 0.22 0.030 —
Yakutat 14.4 50 35.6 3.5 a. 10 0.016 5.7-23
Yakutat 11.8 50 38.2 4.2 0.17 —— 20-80
Icy Bay-Malaspina 7.4 10 2.6 1.4 0.17 0.053 1.8-15.3
Icy Bay-Malaspina 27.0 120 93.0 4.4 0.13 0.015 19-28
Icy Bay-Malaspina 30.8 31 0.2 1.0 0.17 0.022 1.5-7.9
Icy Bay-Malaspina 33.4 40 6.6 1.2 0.14 0.037 3.0-12.3
Icy Bay-Malaspina 2.7 1 9.3 4.1 0.22 —— ———
Icy Bay-Malaspina 9.4 22 12.6 2.3 0.21 ——— —
Icy Bay-Malaspina 15.8 13 -2.8 0.8 0.26 — ———
Icy Bay-Malaspina 3.2 70 65.8 21.9 0.16 0.017 19-26
Icy Bay-Malaspina 18.8 45 26.2 2.4 0.21 0.028 2,1-9.3

Initial
Water
Content

35.3
34.0
33.1
30.5
35.5
33.1
29.0
31.6
34.2
30.2
29.7
23.0
46.9
46.4
60.4
37.7
43.9
43.8
41.1

43.0
26.7
347
46.4
31.6
30.0
31.9
35.8
36.1
41.4
53.1
37.4
44.0
23.8
41.1
39.3
28.6
32.7
38.0
40.0
41.3
44.0
31.5
40.7
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Table 2. Consolidation Test Results {continued)

Cruise Depth in Test Study Area Y'z,kpPa? o, tkpa® o_t,kea® wm'’ c.® ct 9
’ wm' ¢ e rkPa vm o s gv Initial
Core # Core Number Y'z {cm /agc) Water
(x107°) Content
1
of
pC2-80-EG
190G 281-289 OE14L2 Icy Bay-Malaspina 23.2 50 26.8 2.2 0.21 0.054 2.1-6,7 38.0
196G 142-148 OE15L2 Icy Bay-Malaspina 14.2 23 8.8 1.6 0.10 0,031 10.2-34.8 28.6
248-255 OE16L2 Icy Bay-Malaspina 25.2 140 114.8 5.6 0.12 0.021 14.7-21.7 25.7
435~439 OB17L2 Icy Bay-Malaspina 45.8 120 74.2 2,6 0.11 0.027 8.6-17.8 21.9
DC1-81-EG
604-G3 142 OE424 Alsek River 11.6 280(?) 268.4 24.1 0.13 0.009 10-20 32.2
605G2 70 OE46 Alsek River 5.0 70 65 14.0 0.25 0.017 2-11 52.8
154 CE25 Alsek River 11.0 50 39 4.5 0.25 — 6-22 46.9
198 OE45 Alsek River 16.4 42 25.6 2.6 0.17 0.012 2.5~9 40.2
618G2 62-64 CE22 Yakutat 5 31 26 6.2 0.25 —e— 6-~25 49.7
106-~108 OE41 Yakutat 10 250(?) 240 25.0 0.16 0,007 9~12 31.3
110~115 CE17 Yakutat 1" 14 3 1.3 0.14 0.014 3~40 30.0
166~168 CE29 Yakutat 13.4 32 18.6 2.4 0.25 — 5~22 44.8
190-195 CE18 Yakutat 16.4 22 5.6 1.3 ? —— 3-30 39.0
620G2 71-73 CE23 Yakutat 5.8 28 22 4.3 0.26 — 5~22 43.0
624A1 152-157 CE33 Yakutat 15.7 570 554 36.3 0.03 - 2000 27.6 sand
210-212 CE27 Yakutat. 19.5 8.4t0105 «11t085 .4to5.4 0.12 - 2-40 33.6
627G2 26-28 CE16 Icy Bay-Malaspina 2 22 20 11.0 0.21 ——— 3.5-15 44.2
32-34 CE14 Icy Bay~Malaspina 2.6 82 80 31.6  0.21 w= 10-25 41.1
116-118 CE13 Icy Bay-Malaspina 9.4 28 18.6 3.0 0.27 0.025 4-22 40.1
122-124 OE40 Icy Bay-Malaspina 9 15 6 1.7 0.24 0.017 0.9-10 48.1
222-224 CE15 Icy Bay-Malaspina 18 28 10 1.6 0.20 ——— 2-~10 38.7
630A2 210 Cer32 Icy Bay-Malaspina 21 1050 1029 49.3 ? - ? 26.2 Sand
632G1 77 CE31 Icy Bay-Malaspina 7 90 83 12.9 0.16 ——— 5=-30 33.9
634G2 47-49 CE24 Icy Bay-Malaspina 3 12 9 4.0 033 === 2-12 56.7

Sediment submerged unit weight times embedment depth, equal to in situ
overburden stress for normal- and over-consgolidation

]
1]

b -~ Maximum phhi stress obtainad by Casagrande technique

¢ - Difference between O_ ' and Y'z; negative valueg correspond to under-
consolidation, near zero values to normal comsolidation and postitive
values to overconsolidation

d - This parameter is the overconsolidation ratio for normally or
overconsolidated sediment and the degree of consolidation for normally or

underconsolidated sediment
e - Blope of the laboratory virgin compression curve
f - Slope of the laboratory rebound curve

g = Coefficient of consolidation for stresses greater than va'



Table 3. Static Triaxial Test Results

ruise Depth in Test Study Area Y'z,kpa® o' ,kpa® o' ,kpa® o° N ,xpal Test® Induced® g g (Su), 9 s P el mmicial
ore # core, z, cm Number m ve © Type OCR kPa w ve degrees Water
Content,
8-77-EG
16 117-130 TE1L1 Other 9.5 9.1 10 a 16.5 1.65 47.4
140-150 TEAL1 Other 11.2 10.7 7 a 27.5 3.93 44.6
163-177 TE2L1 Other 13.1 12.6 20 a 17 0.85 44.7
190-202 TE3L1t Other 15.1 14.5 40 a 29,5 0.74 42.4
202-214 TE7LA1 Other 16.0 15.4 50 c 1 34.3 0.69 34.3 38.4
214-225 TE6L1 Other 16.9 16.2 30 a 25.5 0.85 41.1
225-235 TESLA Other 17.7 17.0 20 a 29.7 1.49 38.4
4G 210-220 TE1G Copper River 17.1 14 15 a 16.5 1.10 42.0
220-230 TE2G Copper River 17.9 14.5 29 a 21.0 0.72 45.7
230-240 TE3G Copper River 18.7 15.0 59 c 1 35.5 0.60 36.0 41,9
240-250 TEAG Copper River 19. 15.5 10 5 a 15.0 1.50 41.6
630-640 TESG Copper River 50.4 29.5 34 a 39.5 1.16 39.2
640-650 TE6G Copper River 51.2 30.0 69 a 53.5 0.78 36.9
650-660 TE7G Copper River 52.0 30.5 139 c 1 63.0 0.46 34.5 43.6
660-670 TEBG Copper River 52.8 30.5 25 12.5 a 55.0 2,20 36.0
670-680 TESG Copper River 53.6 31.0 75 a 40.5 0.54 40.5
680~-690 TE10G Copper River 54.4 31.5 200 [ 1 93.0 0.47 36.5 37.6
690-700 TE11G Copper River 55.2 32.0 125 c 1 76.0 0.61 34.8 36.5
7G 780~790 TE12G Copper River €0.8 35 40 a 22 0.55 47.7
790~800 TE13G Copper River 61.5 36 80 a 39 0.49 46.6
800-810 TE14G Copper River 62.3 36 30 15 a 27 0.90 46.6
810-820 TE15G Copper River 63.1 37 160 3 1 73 0.46 34.8 45.9
8G 230-240 TE16G Copper River 16.2 11 15 a 9 0.60 61.3
240-250 TE17G Copper River 16.9 12 30 a 16 0.53 67.8
250-260 TE18G Copper River 17.6 15 10 5 a 9 0.90 66.0
260-270 TE19G Copper River 18.3 14 23 a 23 1.00 63.3
650~-660 TE20G Copper River 45.3 49 50 a 23 0.47 58.4
670-680 TE21G Copper River 46.6 51 - 20 a 46 0.51 50.3
680-690 TE22G Copper River 47.3 52 140 a 51 0.36 53.7
790~800 TE23G Copper River 54.9 62 160 a 80 0,50 45.4
810-820 TE24G Copper River 56.3 64 40 a 36 0.90 45.7
820-830 TE25G Copper River 57.0 64.5 80 a 54 0.68 44.3
830-840 TE26G Copper River 57.7 65.5 30 15 a 41 1.37 ——
260-270 TE27G Copper River 18.4 17 30 a 11.5 0.38 63.3
270-280 TE28G Copper River 19.1 17.5 15 a 10.5 0.70 48.7
270-280 TE29G Copper River 19.1 17.5 60 c 1 24 0.40 32.4 50.8
280-290 TE30G Copper River 19.8 18 10 a " 1.10 59.5
106 120-137 TESL1 Kayak Trough 9.2 17.8 10 a 6 0.60 46.4
137-150 TE'QL‘Ij Kayak Trough 10.3 20.0 20 a 9.5 0.48 45.0
150-162 TE10L1 Kayak Trough 11.1 21.5 30 a 11.5 0.38 49.2
162-174 TEH]‘..ij Kayak Trough 12.0 23.3 7 a 14.7 2.10 41.6
116 270-284 TE12L1 Kayak Trough 22.4 27.3 35 a 21.3 0.61 38.3
300-314 TE13L1 Kayak Trough 24.8 30.3 60 a 50.1 0.84 36.3
354-368 TE14L1 Kayak Trough 29.2 35.6 %0 a 38.2 0.42 35.8
555-568 TE171.1 Kayak Trough 45.4 55.4 120 a 30.0 0.25 40.3



Cruise

vl

Core #

58~77-EG
116

146

16G

196
216

236
256
26G

276

29G

316

Depth in
core, £, ¢m

582-592
642-655
662-675
41-54
54-68
84-98
120-132
132-144
144-156
167-180
80-94
94-108
108-122
140-160
195210
210-225
42-56
56-70
70-84
84-108
240-250
260-270
270-280
280-290
90-100
160-170
170-180
180-190
50-60
60~70
80-90
90-100
140-150
150-160
180-190
135-145
145155
155~165
250-260
330-340
340-350
350-360
150-160
160-170
170-180

Table 3. Static Triaxial Test Results (continued)

Test Study Area Yiz,kpa® o' ,kpa® o' ,kpa® o, xpa® Test® Inducea’ qf(Su),g s/ P ¢, rnies
Number vm ve © Type OCR kPa v ve degrees Water
Conte
TE18L13  Kayak Trough 47.4 57.8 21 a 13.8 0.66 a2.
'1'!!‘!6!.1j Kayak Trough 52.4 63.9 60 a 19.3 0.32 3s.
TE15L1)  KRayak Trough 54.0 65.9 30 a 16.8 0.56 34.
TE19L1)  Xayak Trough 2.9 4.6 10 a ° 0.90 70.
TE20L1)  Xayak Trough 3.7 5.9 20 a 4.7 0.24 60.
TE21L1 Kayak Trough 5.5 8.7 40 ] 1 20 0.50 33.7 55.
TE22L1 Kayak Trough 1.1 15.2 13 a 13 1.00 29,
TE24L1 Kayak Trough 12.2 16.6 54 ¢ 1 19.8 0.37 31.5 35,
TE25L1 Kayak Trough 12.9 17.9 7 a 20 2.86 43.
TE23L1 Kayak Trough 15.3 20.8 20 a 30 1.50 30.
TE26L1 Kayak Trough 5.8 8.0 10 a 11.5 2.00 52.
TE27013  Kayak Trough 6.7 9.3 20 a 14.3 2.13 53,
'rzzemj Kayak Trough 7.6 10.5 40 a 17.0 2.23 53.
TE29L1 Kayak Trough 10.2 14.4 20 a 11.7 0.59 56.
TE3IOL1 Kayak Trough 13.7 19.3 35 a 26.3 0.75 50,
TE31L1 Kayak Trough 14.8 20.9 60 c 1 25.8 0.43 34.7 45.
TE33L1 Other 4.0 6.4 20 -3 1 24 1.20 33.5 31.
TE3I4L1 Other 5.1 7.5 40 c 1 37 0.93 40.5 34.
TE35L1)  Other 6.3 8.9 7 a 1.3 1.61 36.
TE32L1 Other 7.8 11.0 10 a 18.8 1.88 4.
TE31G Icy Bay-Malaspina 18.0 35.5 15 a 11 0.73 54.
TE32G Icy Bay-Malaspina 19.5 39 60 a 25.5 0.43 54,
TE33G Icy Bay-Malaspina 20.2 41 10 5 a 7 0.70 55.
TE34G Icy Bay~-Malaspina 20.9 43 30 a 15.5 0.52 49,
TE35G Icy Bay-Malaspina 8.5 1 10 a 11 1. 10 37.
TE36G Icy Bay-Malaspina 14.8 13 20 a 17.5 0.88 37.
TE37G Icy Bay-Malaspina 15.7 13 40 c 1 38.5 0.96 38.5 32.
TE38G Icy Bay-Malaspina 16.6 13.5 10 5 a 19 1.90 31,
TE39G Icy Bay-Malaspina 4.9 29 10 5 a 6 06.60 52.
TE40G Icy Bay-Malaspina 5.8 30 30 a 13.5 0.45 51.
TE41G Icy Bay~Malaspina 7.6 31 20 a 10.5 0.53 39.
TE42G Icy Bay-Malaspina 8.5 31.5 10 a 12 120 34.
TE43G Icy Bay-Malaspina 13.0 4 25 a 23 0.92 34.
TEA4G Icy Bay-Malaspina 13.9 as 15 a 14.5 0.97 40.
TE45G Icy Bay-Malaspina 16.5 36 40 a 25 0.63 37.
TE46G Icy Bay-Malaspina 12.1 14 15 a 10.5 0.70 47.
TE47G Icy Bay-Malaspina 13.0 14 25 a 12 0.48 43.
TE48G Icy Bay-Malaspina 13.9 14.5 40 a 10 0.25 39.
TE49G Icy Bay-Malaspina 22.1 18 15 a 8.5 0.57 4s.
TES0G Icy Bay-Malaspina 29.0 21 10 a 11.5 1. 15 3s.
TES1G Icy Bay-Malaspina 29.9 21.5 60 a 29 0.48 4.
TES52G Icy Bay-Malaspina 30.8 22 30 a 23.5 0.78 35.
TE53G Icy Bay-Malasgspina 14.4 15,5 10 5 a 10 1.0 33
TES46G Icy Bay-Malaspina 15.4 16 10 a 12.5 1.25 35
TES5G Icy Bay-Malaspina 16.3 17 20 a 27 1.35 33



1

Table 3. Static Triaxial Test Results (continued)

Cruise Depth in Test Study Area Y'z,kpa® o' ,kpa® o' ,xpa® o' ,kpa® Test®  Inducea® g £ (Su), 9 ssm P e miciar
Core & core, £, ca Number m ve he Type OCR kPa u ve degrees Water
. Content, %
§8~77-BG
316G 190-200 TES56G Icy Bay-Malaspina 18.2 18 40 a 32.5 0.81 34
336 290-300 TES57G Icy Bay-Malaspina 27.4 21 10 ] a 18.5 1.85 32.4
321-331 TES8G Icy Bay-Malaspina 30.2 22 10 5 a 13.5 1.35 37.2
331-341 TES9G Icy Bay-Malaspina 31.2 22 15 a 10 0.66 31.0
341-351 TE60G Icy Bay-Malaspina 32.1 22.5 30 a 25 0.83 36.0
351-361 TE61G Icy Bay~Malaspina 33.0 23 60 a 46.5 0.78 33.3
470-480 TE62G Icy Bay-Malaspina 44.0 26.5 45 a 30 0.67 37.5
480-490 TEG63G Icy Bay-Malaspina 45.0 27 75 a 33 0.44 43.8
490-500 TE64G Icy Bay-Malaspina 45.9 27 98 c 1 41 0.42 30.5 40.0
36G 46-60 TE37L1 Bering Trough 4.7 — 40 a 39 0.98 37.9
60~75 TE36L1 Bering Trough 5.9 — 10 a 13.3 1.33 27.0
3sc 90-110 TE38L1 Bering Trough 9.5 19 10 a 24.5 2.45 25.9
406G 340~-350 TE65G Icy Bay 23.7 14 40 a 19 0.48 49.3
350-360 TE66G Icy Bay 24.4 14.5 80 c 1 26.5 0.33 25.8 51.8
426 231-245 TE67G Icy Bay 17.9 12 20 a 18,5 0.93 41.6
245-258 TE68G Icy Bay 18.9 12 39 c 1 22.5 0.58 30.0 43,1
258-270 TE69G Icy Bay 19.9 12.5 10 s a 13.5 1.35 42
476 133-147 TE41L1 Yakutat Bay 10.3 12.4 50 a 58.8 1.18 42.3
189-202 TEIL Yakutat Bay 14.4 14.4 20 a 24.0 1.20 42.8
239~250 TE4A0L1 Yakutat Bay 18.0 ? 30 a 70.5 1.45 48.6
DC2-80~EG
MC3-22 3-13 TE1L2 Alsek River 0.5 22 1.4 a 13 9.27 35.0
47-62 TE6L2 Alsek River 4.8 22 3.4 a 58 17.06 25.0
62-76 TE4L2 Alsek River 6.1 22 27.6 b 3 124.4 4.51 29.4
208G 6~14 TE64 Alaek River 0.8 80 328.5 136.8 [ 1 159.4 0.48 39.6 45
25-34 TE63 Alsek River 2.6 80 56.9 b 5.7 227.1 3.99 35.2
26-35 TE62 - Alsek River 2.6 80 310.7 [ 1 268.8 0.87 38.2 30.5
316 4~-11 TE65 Alsek River 0.7 60 3 a 27.2 9.08 28.7
4-11 TE66 Alsek River 0.7 60 223.2 c 1 215.0 2.7 38.2 30.4
11-19 TEG7 Alsek River 1.4 60 251.2 126.1 -3 1 146.1 0.58 33.5 32.2
56 14-23 TES6 Alsek River 1.6 40 154.8 c 1 80.8 0.52 36,3 40.4
14-23 TES? Alsek River 1.5 40 24.7 b 6.2 58.4 2.36 40.4
25-32 TES8 Alsek River 2.3 40 137.6 68.5 c 1 60.3 0.44 34.8 43.6
38G 52~-64 TE3L2 Alsek River 5.4 22 27.6 b 6 86.1 3.12 31.6
436 8-17 TE27 Alsek River ..t 14(?) 6.5 b 5 37.4 5.74 33.9
18-27 TE34 Alsek River 2.0 14(?) 31.3 a 79.9 2.5% 32.5
18~-27 TE35 Alsek River 2.0 14(?) 31.1 a 73.9 2.38 32.9
46G 18-27 TES9 Alsek River 2.1 45 203.1 c 1 222.4 1.10 35.8 31.5
28-37 TE60 Alsek River 2.0 45 35.7 b 6.2 166.0 4.66 33.9
28-37 TE61 Alsek River 2,2 45 0.7 a 23.4 33.46 29.8
496 18-28 TESL2 Alsek River 2.24 30 169.2 61.93 c 1 89.5 0.53 40.5 35.0
28-40 TE2L2 Alasek River 3.19 30 120.6 c 1 87.7 0.73 38.3 35.2
84G 21-33 TE11L2 Yakutat 2.45 15 103.4 c 1 64.4 0.62 36.9 33.9
63-76 TESL2 Yakutat 6.06 20 3.4 b 6 27.8 B.17 35.7



Table 3. Static Triaxial Test Results (continued)

Cruise Depth in Test Study Area Yiz,kPa® o' ,xpa® o' ,xkpa® o' ,kpa® Test® Induced’ g REO P W bl i
Core # core, z, cm Fumber vm ve he Type OCR kPa w ve degrees Water
Conte
DC2-80-EG
84G 100-112 TE7L2 Yakutat 9.26 20 20.7 c 1 14.6 0.70 36.9 33.
160-172 TE10L2 Yakutat 15.78 i 1.4 a 34.9 24.93 24.
176-190 TE9L2 Yakutat 17.97 a5 17.2 a 78.2 4.54 21.
876 150~158 TES4 Yakutat 13.04 50 203.1 ] 1 122.8 0.61 35.7 38.
96G 108~124 TE17L2 Icy Bay-Malaspina 11.17 95(?) 379.3 165.8 c 1 135.8 0.36 37.3 36.
155-170 TE12L2 Icy Bay-Malaspina 15.27 30 1.4 a 12.1 8.71 34.
173-183 TE13L2 Icy Bay-Malaspina 16.74 30 35.1 a 30.1 0.85 38.
198-212 TE16L2 Icy Bay-Malaspina 19.28 30 30.3 b 3 61.3 2.02 32.
343-356 TE15L2 Icy Bay~Malaspina 34.51 35 34.8 b 4 70.4 2.02 33.
361-374 TE14L2 Icy Bay-Malaspina 36.11 35 139.9 -] 1 71.8 0.51 31.7 34.
181G 5-1$5 TE15 Icy Bay-Malaspina 0.84 15 277.7 c 1 131.5 0.47 35.9 39.
5-15 TE16 Icy Bay-Malaspina 0.84 15 45.0 b 6.1 105.6 2.35 39.
71-81 TTE18 Icy Bay-Malaspina 6.16 15 39.9 ] 1 23.7 0.59 39.8 42.
71-81 TE19 Icy Bay~Malaspina - 6.16 - 15 5.3 b 7.3 19.0 3.57 41.
100-110 TE20 Icy Bay-Malaspina 8.04 15 39.4 20.3 c 1 17.6 0.45 33.6 46.
100~-110 TE21 Icy Bay-Malaspina 8.04 15 13.1 b 3 17.4 1.33 46,
120-130 TE22 Icy Bay-Malaspina 11.00 15 0.5 a 8.7 18.49 36.
120-130 TE23 Icy Bay—-Malaspina 11.00 15 9.7 a 20.9 2.15 35.
1906 80-~94 TE20L2 Icy Bay-Malaspina 7.86 50 48.2 b 6 97.8 2.03 31.
101-114 TE18L2 Icy Bay-Malaspina 10.38 50 62.0 a 36.1 0.58 39.8 38.
114-125 TE19L2 Icy RPay~Malaspina 11.44 S0 96.5 b 3 80.7 0.84 42.
175~188 TE21L2 Icy Bay-Malaspina 17.70 S0 230.6 96.4 c 1 82.6 0.36 39.0 41.
201-214 TE22L2 Icy Bay-Malaspina 19.74 S0 1.4 a 1.0 7.86 39.
214=-227 TE23L2 Icy Bay-Malaspina 20,6 50 16.5 a 12.7 0.77 42.
196G 160-173 TE24L2 Icy Bay-Malaspina 17.0 100 165.2 82.8 a 99.3 0.60 32.
234-246 TE28L2 Icy Bay-Malaspina 24.8 100 48.2 a 48.6 1.01 30.
274-286 TE25L2 Icy Bay-Malaspina 29.0 100 172.3 b 3 251.8 1.46 25.
286~298 TE26L2 Icy Bay-~Malaspina 30.3 100 1.4 a 42.4 30.29 25.
355-365 TE29L2 Icy Bay~Malaspina 37.6 100 55.1 b 6 184.3 3.34 26.
367-377 TE30L2 Icy Bay-Malaspina 3s8.8 100 248.1 c 1 265.9 1.07 37.2 24.
381-400 TE27L2 Icy Bay-Malaspina 42.0 100 320.4 [ 1 256.4 0.80 37.2 25.
pC1-81-EG
604G3 120-127 TE114 Alsek River 11.0 280(?) 293.4 a 176.6 0.60 34.
605G2 44-52 TE113 Alsek River 4.3 55 222.2 ¢ 1 163.8 0.74 38.1 34.
141-149 TE116 Alsek River 1.1 55 0.3 a 8.4 28.07 46.
156-164 TE111 Alsek River 13.6 55 216.1 ¢ 1 127.9 0.59 37.0 38.
156-164 TE112 Alsek River 13.6 55 35.3 b 6.2 87.6 2.48 38.
176-184 TE115 Alsek River 14.8 55 227.9 102.9 c 1 114.2 0.50 39.9 40.
186-194 TE11? Alsek River 15.4 55 71.3 b 3.1 91.0 1.28 42.
61862 127-132 TEB7 Yakutat 10.2 35 184.7 c 1 95.6 0.52 34.2 44.
127-132 TE88 Yakutat 10.2 35 231.5 113.6 -3 1 157.8 0.68 44.2 43.
149-~-158 TE74 Yakutat 11.9 35 0.5 a 4.6 9.28 45.
149~158 TE?5 Yakutat 1.9 35 12.1 a 15.6 1.29 46.
62062 90-99 TEB2 Yakutat 7.1 28 120.8 c 1 53.2 0.44 32.5 48.



Table 3. Static Triaxial Test Results (continued)

Cruise Depth in Test  Study Area Y'z,kpa® o' kpa® o' kea® o' xpal  Test® Inducedt gq Lsw,? s so Poeel, mieian
Core % core, £, cm Number m ve c Type OCR kPa w ve degrees Water
Content, %
DC1-81-EG
6241 141-150 TE91 Yakutat 14.7 100t0500 333.1 c? 1? 401.25 1.21 38.0 29.0
141-150 '1'393k Yakutat 14.7 1000500 341.5 c? 1? 440.277? 34.37? 37.0
625A1 170-180 TE118 Yakutat 18.0 ? 293.3 c? 1? 889.0 3.03 © 39,8 25.3
627G2 71-78 TB72 Icy Bay-Malaspina 6.0 25 18.6 b 5.5 44,7 2.40 42.2
71-78 TE73 Icy Bay-Malaspina 6.0 25 31.0 b 3.1 45.9 1.48 46.4
82-90 TE70 Icy Bay-Malaspina 7.0 25 104.7 48.7 c 1 44.4 0.42 37.1 42.3
82-90 TE71 Icy Bay-Malaspina 7.0 25 100.1 c 1 53.2 0.53 36.1 40.7
104-112 TEGS Icy Bay-Malaspina 8.5 25 1.6 a 2.1 1.31 45.1
104-112 TE69 Icy Bay-Malaspina 8.5 25 10.4 a 10.4 0.99 43.4
630A2 220-229 TESY Icy Bay-Malaspina 23.1 1050 299,9 a 561.98 1.87 24.3
220-229 ‘1']'.'90k Icy Bay-Malaspina 23.1 1050 295.5 a 631,95 42.9 25.9
632G1 80-89 TE92 Icy Bay=-Malaspina 7.8 0 362.8 [ 1 208.4 0.57 36.4 32.4
634G2 73-80 TEB3 Icy Bay-Malaspina 5.3 12 57.9 c 1 23.9 0.41 33.7 56.0

a -~ Sediment submerged unit weight times sub-bottom depth, equal to in place
overburden stress for normal - and over-consolidation

b - Sediment natural maximum past stress, interpolated or extrapolated from
adjacent consolidation tests

¢ = final vertical consolidation stress
4 - final horizontal consolidation stress, blank if same as vertical stress

e - Type (a) test has a final vertical consolidation stress less than three
times the maximum past stress without rebound. Type (b) test has a
maximum triaxial vertical consolidation stress greater than three times
the natural maximum past stress. The sample was subsequently rebounded to
a lower consolidation stress inducing a known overconsolidatlon ratio.
Type (c) test has a final vertical consolidation stress greater than three
times the maximum past stress without rebound.

f - Blank indicates a type (a) test: final level of overconsolidation is
unknown. Value greater than 1 indicatea a type (b) test: value given is
known induced overconsolidation ratio. Value of 1 indicates a type (c¢)
test: sample has been forced to be normally consolidated.

g - maximum shear stress over 15 or 20% strain: assumed equal to undrained
shear strength, s“.

h ~ Ratioc of undrained shear strength to vertical consolidation stress

i - Bffective friction angle assuming no cohesion intercept: given for type
(¢) or drained tests only

4 = Stress control test

k - Drained test



Cruise
Core #

88-77-BEG
4G

1me

28G

336

Depth in Test

Core, z,

485
485
485
500
500
500
510
520

DC2-80-BG

MC3-22
286

356

38G

35-47
15-22
15=-22
32-39
32-39
1-15

27-38

Number

TC1B
TC2B

Tc3™
TC4B

TC5B

rcen™
TCcTB

TCEB

TC98

TC10B
TC118
TC12B
TC13B
TC14B
TC158
TC16B
TC17B
TC18B
TC198
TC20B
TC21B
TC228
TC238
TC24R
TC25B
TC26B
TC27B
TC28B
TC298
TC30B
TC31B
TC328
TC338
TC34B
TC35B

TC1L2
TC24
T™C25
TC18
TC19
TC2L2
TC3L2

Study Area

Copper
Copper
Copperxr
Copper
Copper
Copper
Copper
Copper
Copper
Copper
Copper
Capper
Copper
Copper
Copper

River
River
River
River
River
River
River
River
River
River
River
River
River
River
River

Kayak Trough
Kayak Trough
Kayak Trough
Kayak Trough
Kayak Trough
Kayak Trough
Kayak Trough
Kayak Trough
Kayak Trough
Icy Bay-Malaspina
Icy Bay-Malaspina
Icy Bay-Malaspina
Icy Bay-Malaspina
Icy Bay-Malaspina
Icy Bay-Malaspina
Icy Bay~Malaspina
Icy Bay-~Malaspina
Icy Bay-Malaspina
Icy Bay-Malaspina
Icy Bay~Malaspina

Alsek River

Alsek
Alsek
Alsek
Alsek
Alsek
Alsek

River
River
River
River
River
River

g

',kPa‘ a
ve

34.3
34.3
33.3
34.3
34.3
33.3
34.3
211.8
212.7
216.7
217.6
217.6
217.6
216.7
215.7
32.4
32.4
32.4
32.4
32.4
32.4
32.4
32.4
32.4
32.4
32.4
32.4
32.4
33.3
23.3
217.6
215.7
217.6
217.6
216.7

27.6
302.6
297.9
160.3
154.6

27.6
120.6

hy

c',kPab

29.4
29.4
29.4
29.4
29.4
29.4
29.4
196.1
196.1
196.1
196.1
196. 1
196.1
196.1
196.1
29.4
29.4
29.4
29.4
29.4
29.4
29.4
29.4
29.4
29.4
29.4
29.4
29.4
29.4
29.4
196.1
196.1
196.1
196.1
196.1

Table 4. Cyclic Triaxial Test Results

Induced® (q
OCR

L S S PR Y

- wd b b -

- O b ok o o N

4

St:at:ic): (

27.0
27.0
36.8
25.0
25.0
31.9
25.5
107.8
107.8
100.5
92.6
108.8
93.1
100.0
96.1
18.1
24.0
24.0
19.6
19.6
20.6
20.6
24.0
24.0
27.9
20.6
26.5
26.5
56.4
56.4
98.0
103.9
87.7
100.5
104.4

84.6
268.9
268.9

80.8

80.8

86.4

88.9

f

q static)e

226.9
226.9
a3.4
75.8

63.9

statict peak? rch rci rc1

:::"’ :Ziti:' dgstatic qgstatic 0"
T .kPa (I) (11) (111)
1.9  18.9 0.70 0.55
11.9  27.5 1.02 0.80
15.5  28.0 0.76 0.84
10.5  17.5 0.70 0.51
10.8  23.5 0.94 0.69
13.7  23.3 0.73 0.70
10.7  19.9 0.78 0.58
8.6  34.5 0.32 0.16
3.2 67.9 0.63 0.32
42.2  94.5 0.94 0.44
38.0  80.6 0.87 0.37
38.1  74.0 0.68 0.34
37.2  70.8 0.76 0.33
19.0  63.0 0.63 0.29
6.3 53.8 0.56 0.25
0.7  11.2 0.62 0.35
2.4 9.1 0.38 0.28
2.4 10.3 0.43 0.32
2.0 11.8 0.60 0.36
2.0 12.5 0.64 0.39
1.6 14.4 0.70 0.44
1.6  16.5 0.80 0.51
8.4  19.7 0.82 0.61
8.1  20.4 0.85 0.63
0.5  10.3 0.37 0.32
1.4 12.2 0.59 0.38
9.0  16.7 0.63 0.51
8.2  20.7 0.78 0.64
18.6  28.2 0.50 0.85
18.6  33.8 0.60 1.02
16.7 61.7 .  0.63 0.28
12.5  63.4 0.61 0.29
29.8  78.1 0.89 0.36
19.1  68.3 0.68 0.31
18.8  60.6 0.58 0.28

-23.7 0.28
115.6 0.43 0.51 0.38
21 0.08 0.09 0.07
54.9 0.68 0.66 0.34
51.6 0.64 0.68 0.33
-38.0 0.44

-24.9 0.28 0.39 0.21

# ofk Strain atllnitial
Cycles failure,% Water

to
failure

5000
13
403
5000
45
4583
5000
2493
30
37
150
935
5000
87
500
7"
3994
2679
243
152
74
13
200
15
391
35
5000
175
5000
537
21

Content
L

39.9
41.5
41.5
42.3
43.3
43.3
44.3
35.6
38.2
42.7
40.7
39.3
40.8
41.4
40.8
46.7
39.6
40.6
42.7
43.6
45.0
44.8
39.8
41.9
35.4
40.7
33.9
35.6
26.6
26.1
33.6
34.3
39.6
34.8
32.6

28. 1
31.8
31.8
41.2
44.8
40.7
40.9



ruise Depth in Test
ore # Core, g,

cm
Cc2-80-BEG
386G 40~-52
43G 27-35
27-35
46G 7-15
7-15
496 6-17
84G 3348
48-63
876 161-172
876 161-169
96G 145-155
226-237
286-300
331-343
181G 61-68
61-68
85-95
85-95
190G 66-80
80-97
160-175
1966 197-213
312-326
326-340
400-~414
414-428
X1-81-EG
604G3 130-137
130-137
605G2 55-62
55-62
166-173
166-173
618G2 138-145
138-145
620G2 100-148
100-108
624A1  172-179
172-179
627G2 60-71
60-67
93-104
93-100

Number

TC4L2
TC20
TC21
7022
TC23
TC5L2
TC6L2
TC7L2
TC52
7¢53
¢11L2
TCeL2
TC10L2
TCOL2
7030
TC31
TC32
TC33
TC12L2
TC13L2
TC14L2"
rc15L2"
TCI6L2
1712
TC18L2
TC19L2

TC99
D102
TC92
™93
™87
TC86
TC58
TCS9
TC46
TC47
TC60
TC61
TC36
TC37
TC34
TC35

. a . b c da
avc +kPa O c kPa Induced (qutatic)I (q

Study Area

Alsek River 120.6
Alsek River 28.3
Alsek River 27.2
Alsek River 196.2
Alsek River 192.6
Alsek River 120.6
Yakutat 103.3
Yakutat 103.3
Yakutat 200.9
Yakutat 194.3
Icy Bay-Malaspina 34.5
Icy Bay-Malaspina 137.8
Icy Bay-Malaspina  35.1
Icy Bay-Malaspina 137.8
Icy Bay-Malaspina  30.3
Icy Bay-Malaspina 24,2
Icy Bay-Malaspina 10.4
Icy Bay-Malaspina 2.5
Icy Bay-Malaspina 151.6
Icy Bay~Malaspina 151.6
Icy Bay-Malaspina 232

Icy Bay-Malaspina 166.5
Icy Bay-Malaspina 53.4
Icy Bay~Malaspina 53.4
Icy Bay-Malaspina 320.2
lcy Bay-Malaspina 320,2
Alsek River 297.1
Alsek River 290.4
Alsek River 215.9
Alask River 204.8
Alsek River 215.1
Alsek River 216.3
Yakutat 184.8
Yakutat 183.9
Yakutat 121.8
Yakutat 117.6
Yakutat 338.9
Yakutat 344.7

Icy Bay-Malaspina 18.3
Icy Bay-Malaspina 17.3
Icy Bay-Malaspina 100.7
1cy Bay-Malaspina 99.5

h

Table 4. Cyclic Triaxial Test Results (continued)

OCR

PP . Y - e O N N X R I W
.
F ]

.
~N &

- b SIS md d oh ok b wmd WD ok wh b b b

87.4
73.9
73.9
222.4
222.4
B7.1
64.6
64.1
122.8
122.8
70
kA

78.7
23.7
23.7
19.0
19.0
88.4
87.8
89.4
99.3
182.1
187.7
257.0
255.5

176.6
176.6
163.8
163.8
127.9
127.9
95.6
95.6
53.2
53.2
401.3
401.3
44.7
44.7
53.2
53.2

£

256
256

175.3
174.2
127.4
120.8
133.4
125.5
92.4
86.4
67.0
65.9
186.4
186.1

Static)e Scaticf
Bias,

kPa

Cyclic
Stress,
Tc,kPa

~33.2
43.2
43.2
-42.4
79
-65.3
~23.9
-31.4
-106.3
-45.5
-39.2
=34.1
-16.1
-59.8
-25
=24
-15
-15.9
-61.9
-40.4
89.6
96.8
~51.0
-41.3
-187.6
=92

61.5
86.5
=55.7
-84.1
~41.8
-66.5
56.2
44.6
31.0
46.1
206.6
-134.6
21.5
34.7
-39.4
=-26.4

peak?

T h

¢ 1

c [
qfstatic qfstatic

(1)

0.38
0.59
0.62
0.19
0.36
0.75
0037
0.49
0.87
0.37
0.56
0.48

0.23

0.76
1.06
1.00
0.79
0.84
0.70
0.46
1.00
0.97
0.28
0.22
0.73
0.36

0.35
0.49
0.34
0.51
0.33
0.52
0.59
0.47
0.58
0.87
0.51
0.54
0.48
0.78
0.74
0.50

(1I1)

0.44

0.30
0.57
0.92
0.22
0.43
0.71
0.31

3
-2
[+] L}
ve
(IIX)

0.28

[ ] otk

Strain atllnb

Cycles failure,% Wat

to
failure

10
8
8

%4

15
0.5

80

0.5

280

=15

=15

=20

-20

Con
L ]

36.!
33.
32.
33.
a3.
37.
25,
33.
32.
31.
35.

46.

38.

42.
26.
23.
25.
24.
24.

37.
36.
37.
37.
3s.
35.
43.
46.
39.
38.
39.
39.
46.
46.
47.
44.



Table 4. Cyclic Triaxial Test Results (continued)

Cruise Depth in Test Study Area g ',kPaa Oh ',kPab Inducedc (qutatic)d (qutatic)e
Core # Core, z, Number ve ¢ OCR 1
cm
DC1-81~EG
630A2 153-161 TC57 Icy Bay-Malaspina 297.9 1 562 259.2
153-161 TCS6 Icy Bay-Malaspina 301.0 1 562 295.0
634G2 61-69 TC48 Icy Bay-Malaspina 60.3 1 23.9 25.3
61-68 TC49 Icy Bay-Malaspina 58.1 1 23.9 24.4
72-79 TC54 Icy Bay~Malaspina 61.9 1 23.9 27.9
73-80 TCS5 Icy Bay-Malaspina 59.3 1 23.9 26.7

a ~ Final vertical consolidation stress
b ~ Final horizontal consoclidation stress, blank if same as vertical stress
¢ - Induced OCR defined in Table 3.

a - Static shear strength obtained from test on sample from the same core (Method I)

£ h
static. Peak? T

i

Bias, Cyclic

kPa Stress,
Tc,kPa (1)
162.9 0.29
120,.2 0.21
~40.6 1.70
~-31.8 1.33
17.6 0.74
22.2 0.93

8 = Static shear strength obtained from water content, consolidation stress and Figure 35 (Method IT)

0.63
0.41
1.60
1.30
0.63
0.83

3

[}

destatic qggestatic °vc'

(1I1) (III)

0.55
0.40
0.67
0.55
0.28
0.37

] otk Strain atllnitial
Cycles failure,% Water

to
failure

>27
>37
2
6
158
37

£ « A static shear atress applied under undrained conditions prior to cyclic testing. The cyclic shear stress is symmetrical about this bias level.

=20
=20
=20
-20
20
20

Content

g = The maximu shear stress level applied during cyclic loading (may include some static bias in addition to cyclic component - negative sign indicates tension)

h - Ratio of maximum cyclic shear stress to static shearing strength estimated using Method I.
i - Ratio of maximum cyclic shear stress to atatic shearing strength estimated using Method II
3 - Ratio of maximum cyclic shear stress to vertical consolidation stress (termed method III)
k = Number of cycles required to reach strain given in next column

1 - Strain level defined as failure or strain level at which test was halted (if less than 10%)
m - Reconsolidated sample

n - Cyclic loading in compression only
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Table 5. Calculation of NSP exponent, Ao

Cruise Depth in Test Study Induced® (Snc)g (Snc)il qflcvc'd (Ao)i (Ao)iI Initial
Core # Core, £, cm Number Area OCR Water
content, %
DC2-80-EG
MC3-22 62-76 TR4L2 Alsek River 3 ————— 0.86 4.51 —— 1.51 29.4
28 25-34 TE63 Alsek River 5.7 0.87 0.62 3.99 0.88 1.07 36.2
a5 14-23 TES?7 Alsek River 6.2 0.52 0.53 2.36 0.83 0.82 40.4
38 18-28 TE3L2 Alsek River 6 —— 0.76 3.12 ——— 0.79 31.6
43 8-17 TE27 Alsek River 5 — 0.67 5.74 —— 1.33 33.9
46 28-37 ) TE60 Alsek River 6.2 1.10 0.67 4.66 0.82 1.06 33.9
84 63-76 TESL2 Yakutat 6 0,70 0.63 8.17 1.37 1.43 35.7
96 198-212 TE16L2 Icy Bay~Malaspina 3 0.51 0.72 2,02 1.25 0.74 32.8
343-356 TE15L2 Icy Bay-Malaspina 4 0.51 0.70 2.02 0.99 0.76 33.3
181 5-~15 TE16 Icy Bay~Malaspina 6.1 0.47 0.55 2.35 0.89 0.80 39.2
71-81 TE19 Icy Bay-Malaspina 7.3 0.47 0.52 3.57 1.02 0,97 41.9
100-110 TE21 Icy Bay-Malaspina 3 0.47 0.48 1.33 0.95 0.93 46.2
190 80-94 TE20L2 Icy Bay-Malaspina 6 0.58 0.75 2.03 0.70 0.91 31.9
114-125 TE19L2 Icy Bay-Malaspina 3 0.58 0.50 0.84 0.34 0.47 42.6
196 274-286 TE25L2 Icy Bay-Malaspina 3 0.93 1.06 1.46 0.41 0.29 25.9
355-365 TE29L2 Icy Bay-Malaspina 6 0.93 1.06 3.34 0.71 0.64 26.0
DC1-81-EG
605G2 186~194 TE112 Alsek River 3.1 0.59 0.51 1.28 0.68 0.81 42.0
156-164 TE117 Alsek River 6.2 0.59 0.57 2.48 0.79 0.81 38.4
627G2 71-78 TE72 Icy Bay-Malaspina 5.5 0.53 0.51 2.40 0.89 0.91 42.6
71-78 TE73 Icy Bay-Malaspina 3.1 0.53 0.47 t.48 0.91 1.01 46.4
a = Induced OCR defined in Table 3
b~ Ratio(of :ndra:;.ned shear strength, §,, to vertical consolidation stress, ch', for normal consolidation obtained from test on sample from the same
core {(Method 1

¢ - Ratio of undrained shear strength, 8, to vertical consolidation stress, d for normal consolidation obtained from initial water content and

.
ve !
Figure 35 (Method II)

=1
]

Ratio of measured undrained shear strength to vertical consolidation stress

e - The NSP exponent, A, calculated using S  from Method I.

f - The NSP exponent, A o¢ Calculated using 8 . from Method II
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Figure 11.

O 50 IQO Meters

Side scan sonograph example of small slides and linear flows on the Alsek River
prodelta (Molnia and Rappeport, 1980). Onshore direction is toward the top of the
figure.




Figure 12.

o) 510 1 lQOmefers

Side scan sonograph depicting a massive, lobate slide toe and a series of smaller slide

toes on the Alsek River prodelta (Molnia and Rappeport, 1980).
the top of the figure.

Onshore direction is toward



Figure 13.

odinx

Side scan sonograph depicting multiple flows, slumps and slides on
prodelta (Molnia and Rappeport, 1980).
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Core locations-Bering Trough and Icy Bay Study Areas.
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Core locations-Icy Bay-Malaspina Study Area (Cruise DC1-77-EG)
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Figure 23.

Results of field vane shear test MV-2 (Yakutat Study
Area) compared with laboratory vane shear strengths and
NSP estimates from triaxial tests. <CIU and UU tests
represent triaxial tests with consolidation to near the
overburden stress and to nearly no stress, respectively.
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Figure 24. Results of field vane shear test MV-3 (Yakutat
Study Area). Arrows indicate locations where the
capacity of the field vane torque cell was reached.

173



Depth (m)

Undrained Shear Strength(kpa)
0 10 20 30 40

“\Field Vane, MV-4

o UU, Core96G

2r -
> .~NSP estimate,
normal consolidation

W
Y

3
% °ClU
e Core96G

H
L

6

Figure 25. Results of field vane shear test MV-4
(Icy Bay-Malaspina Study Area) compared
with laboratory vane shear strengths and NSP
estimates from triaxial tests. CIU and UU
tests represent triaxial tests consolidated
to near the overburden stress and to nearly no
stress, respectively.

" 174



Depth (m)

Undrained Shear Strength (kpa)

0

o)

W

H

10 20 30 40 50

A\~ -Lab Vane, Core 197G

NSP estimate, normal
i consolidation

— —

Field Vane
V-5 |

Figure 26.
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Icy Bay-Malaspina Study Area) compared with laboratory

vane shear strengths and NSP estimates from triaxial

tests. CIU and UU tests represent triaxial tests to near
the overburden stress and to nearly no stress, respectively.
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Figure 27. Results of in place cone penetration test

MP-2 (off the mouth of the Dangerous River).
Stratigraphy of nearby core is given at right.
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Figure 28. Results of in place cone penetration test

MP-3. (Alsek River Study Area).
of nearby core is given at right.
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Figure 29. Results of in place cone penetration test MP-4

(Yakutat Study Area). Stratigraphy of nearby
core is given at right.
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Figure 30. Results of in place cone penetration test MP-5

(Yakutat Study Area). Stratigraphy of nearby
core is given at right. ,
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Results of in place cone penetration tests MP-6
and MP-7 (Alsek River Study Area). Stratigraphy
of nearby core is given at right.
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Figure 32. Results of in place cone penetration test

MP-8 (Quaternary glacial deposits off
Dangerous River Delta). Stratigraphy of
nearby core is given at right.
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Relative cyclic stress level versus number of cycles
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185



CYCLIC STRESS/ STATIC STRENGTH

1.4
Core 86 Oyc =215.7TkPa

1.2 Static Bias=18%

Avg. Water Content=41.1%
1.0
0.8}
0.6- \\
0.4}
0.2
0.0l RN RN R EEEIN EEETH

Core |16 Oyc = 29.4kPa
1.2}~ e Static Bias=8%
4 Static Bias=35%
1.0 Avg. Water Content=42.7%
0.8}- N .
0.6} °
0.4}
0.2}-
oobl—tvatuml v voved oovewdl poveeud 1o
0.l I 10 - 100 1000 10,000

NUMBER OF CYCLES TO FAILURE

Figure 37. Relative cyclic stress level versus number of cycles
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Because the presence of interstitial gas may have a significant effect on
the stability of sedinent, analysis of gas contents can be an inportant part
of an overall hazards evaluation of an area. Accordingly, hydrocarbon gas
data fromfour cruises in the eastern Qulf of Al aska (§1-76-EG, S8-77-EG, S6-
78-EG and 811-79-EG) may be applied to this investigation. Athough the
gases nethane, ethane, ethene, propane, propene, iso-butane, and n-butane were
analyzed, this discussion is limted to the concentrations and distributions
of methane. It is the only hydrocarbon gas present in concentrations that may
exceed its saturation level in the interstitial water.

During the 81-76~EG cruise, 15 sanples from 12 stations were taken from
Van Veen sanples and gravity cores that covered a large area of the eastern
Qilf of Aaska, from off the western end of the Copper Rver Delta to the
western end of Palma Bay (geographic locations shown in Fig. 1 of the main
text). Met hane values ranged from the detection level to approximately 60
ul/1 wet sedinent. Note that these and other gas concentration values
reported in this appendix are sanple concentrations. The actual gas
concentrations in place are probably higher. The highest concentration was
found at Station 665 near the mouth of the Copper Rver. The next highest
concentrations (approximately 30 and 40 ®1/1) were at stations 658 and 659
respectively, east of the southern end of Kayak Island. Discontinuous  seisnic
reflectors and turbid seismc returns were found in this area, suggesting that
the sedinents are gas-charged. The gas concentrations, although anong the
hi ghest measured during this cruise, are well below saturation level (which is
about 40,000 ul/1 at atmospheric pressure): free gas is probably not present
in the sedinent. During the 1977 cruise, sanples taken near these stations
measured much higher concentrations of nmethane as discussed bel ow At Station
661i n the Kayak Trough Sl unp the nethane concentrati on was approxi mately 30
Bl/1. Al other samples from the 1976 cruise had methane concentrations |ess
than 10 H1l/1.

The &8-77-EG cruise concentrated on recovering sanples from specific
geologic features located in an area from off the east coast of Mntague
Island to VYakutat Bay. The specific areas involved, from west to east, were:
the Hnchinbrook Sea Valley, east of Mntague Island; a slunp in the Egg
Island Trough, southwest of the Copper Rver Delta; a slunp massin the Kayak
Trough, southeast of the Copper Rver Delta; a zone of faulting southeast of
Kayak Island; the Bering trough, off the Bering Qacier; a large slunp
southwest of Icy Bay; lcy Bay; a slunp off the western edge of Malaspina
Qacier; Yakutat Bay. Sixty sanples from 23 stations were obtained from
gravity, piston and hydroplastic cores. Methane values ranged from 0.8 to
19,000 H1/1 wet sedinent. Mbst concentrations were equal to or exceeded by a
factor of 2 the four highest concentrations neasured during the 1976 cruise.
Core 14G in the Kayak Trough Slunp and Cores 36G and 38G from the Bering
Trough had higher concentrations (180, 38. and 18 ¥1/1, respectively) than
other cores in this particular area. The concentrations of nethane from these
sanples were not high enough to indicate gas-charged sediment In place,
however. At these stations the sediment nay have larger concentrations of
nmethane at depth. Core 23G from the zone of faulting southeast of Kayak
Island had anonalously high concentrations of methane. This core was taken in
the same area as those cores from stations s and 659 from the si1-76-EG
Cruise. However, the concentrations obtained from Core 23G were 2,100 pl/1 at
the surface and 14,000 w1/l at the 100 cm depth. The |atter concentration
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begins to approach the solubility of nethane in water at atmospheric

condi tions. Because these l|aboratory values represent a lower bound for the
in place concentrations, the concentration of nethane at this station in place
my in fact have reached or exceeded its solubility. These anomalously high
methane values correlate wth acoustic anomales attributed to gas-charged
sedinents; the presence of gas my affect the stability of the sediment
southeast of Kayak Island.

The se-78-EG cruise recovered 17 sanples from Van Veen sanplers and
gravity cores. The area covered included 5 main localities: Icy Bay and a
slump off the western edge of the Mlaspina Gacier, both areas covered during
the ss-79-gc cruise; off the Dangerous River and just east of Dry Bay, both
areas which were later covered during the $11-79-EG cruise; and an area beyond
the 200 m bathymetric contour situated southwest of Lituya Bay, that was not
sanpled during any other cruise. These nethane values ranged from about 1 to
48 u1/1 wet sediment from sedinents up to a depth of 296 cm Core 13a in lcy
Bay represents the upper limt of this range and is simlar to the
concentrantions obtained in 1977. Four cores (8a, 8B, 9B, and 12B) from off
the western edge of Mlaspina Qacier ranged from 22 to 40 p1l/1 wet sedinent,
which is also simlar to the concentrations obtained in the 1977 cruise.

Three cores off the Dangerous River (3, 4, and 5) had low concentrations of
methane, averaging 1.4 wul/l wet sedinent. The S11-79-EG Cruise the next year
confirmed these low concentration levels in 4 cores (3, 5 6, and 26) which
averaged 7.0 ul/l wet sedinent. Core 1just east of Dry Bay indicated a very
low concentration of nethane (1.4 wi/1) simlar to 7 of 8 cores taken in that
area on the s11-79-EG cruise. The concentrations averaged 12 H1/1 wet
sediment.  Two cores (10a and 11A) were taken beyond the 200 m bathynetric
level southwest of Lituya Bay and averaged 3.0 ul/1 wet sedinent.

The SI1-79-EG cruise concentrated on 3 main localities: off the Dangerous
River, off Dry Bay and just east of Dry Bay. Thirty-seven sanples were
obtained from 17 vibracores and gravity cores. Methane concentrations ranged
from just detectable to 33,000 ulz1. In eight cores (1, 2 11, 16, 20, 21, 26
and 30) the amount of nethane was greater than 10 but less than 64 wi/i, a
range of values simlar to those observed on the s1-76-EG and s6-78-EG
cruises.  Except for one core the methane concentrations at the other stations
were less than 10 ul/l. Core uat a site just east of Dy Bay was
anomal ous. At the 80-90 cm depth interval, the concentration of methane was
approxi mately 32,800 u1/1 wet sedinent, a value which nearly equals the
solubility of methane in the interstitial water at atmospheric conditions.
This high concentration of methane may indicate gas-charging which would
affect the stability of the sediments.

Anomal ously high concentrations of methane suggesting the presence of
gas-charged and, therefore, unstable sedinments, were found in only two areas:
a fault zone southeast of Kayak Island and east of Dry Bay. Sediments  from
near the mouth of the Copper River, from the Kayak Trough, and from east of
Kayak Island had significant amounts of nethane, but the anount neasured was
insufficient to indicate that the sedinents in place were, indeed, gas-
charged.  Deeper sediments in the area may be gas-charged, however.  There
appears to be no good correlation between the occurrence of seismc anomlies
and the possible presence of sanpled gas-charged sediment except for the
sediment southwest of Kayak |[sland.
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Methane in Sediments ot the Eastern Gulf of Alaska-Sample Locations,

Cruise

81-76~EG

s8-77-EG

56-78-EG

811-79-EG

Sample or station

658B
0b9B
661
665

146
23G
36G
38G

0w =

11

16
20
21
20
30

Latitude

59°47,19'N
59°49,.40'N
60°06.20'N
oU°08,20'N

60°05,12'N
59°50.75'N
59°56,04"'N
59°58.05'N

59°02,70'N
5Y°17.70'N
59°17.35'N
59°1b.95'N
59°36.50'N
5Y°36.2U'N
59°37.40"'N
57°55.01'N
57°55,36'N
59°36.80'N
59°55.97'N

59°06.U8'N
59°06.00'N
59°16.33"'N
59°17.49'N
59°17.74'N
59°03,53'N
59°02.21°'N
53°05,95'N
59°05.81'N
59°02.45'N
59°17.27'N
58°59,44'N
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Longitude

144°28,83'w
144°28.03'w
144°40,30'W
145°00.00'wW

144°40.44'wW
144°24.20'W
143°35.75'w
143°383.00'W

138°22.80'w
139°16.,60'w
139°15,90'W
139°14,30'W
140°55.50"'w
140°56.00"wW
14U°55,70'wW
138°04.89'w
1338°04.19'w
140°55.80'W
141°32.27'wW

138°42.36'W
138°42.17'w
139°12.29'W
139°16,10'W
139°17.31'W
138°25,32'w
138°25.50'wW
138°38.97'W
138°42.01'W
138°25.38'W
139°16.03'wW
138°43.51'W
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The Qilf of Aaska is susceptible to both high seisnmcity (Stephens and
Page, 1982) and large storm waves (Bea, 1976). This appendix provides a brief
discussion of the factors influencing cyclic loading donminance and develops a
quantitative estimate of the water depth separating storm wave and earthquake
control .

ne way of separating earthquake and wave control is to determne the
water depth at which the shearing stresses developed by peak storm waves equal
the shearing stresses developed by a critical earthquake. Mdifying Equation
(2) from the main text for a horizontal bottom we obtain:

T/O, SRY /Yt (B-1)

where T is the shearing stress generated by an earthquake with a
critical acceleration, k.

Asshown in the nain text, the critical acceleration corresponding to
many of the failure features (including the Icy Say-Malaspina slunp in water
depths ranging from75 to 175 n) is 0.136g (Figure 55). Assum ng that
failures in relative deep water are earthquake induced, this critical value of
k can be wused to estimate a representative level of shearing stress devel oped
by nmajor earthquakes in the area. For typical sediment densities {y=1.8 g/cm3
and Y'=0.8 g/cm3), Equation (B-1) yields 1/0,'=0.306 for major earthquakes.

Seed and Rahman (1978) provide the following equation for shearing
stresses near the seafl oor surface produced by large st orm waves:

T/0,'=[%Y _H1/[cosh(2TA/LIY LY. o o o0 ovvovvv i ionior o il P-2)

where Y =unit weight of water
d=water depth
H=wave hei ght
L=wave length

The nmaxi mum probabl e stormwave for the area {Bea, 1976) is 37 m
corresponding to a very limted nunber of waves. For a longer series of
waves, we assumed 30 m as a nore realistic maxinum wave height. Because the
solution is fairly independent of wave length, any reasonable choice of wave
length is satisfactory. W assuned a representative value of 300 m
Inserting these values into Equation B-2 and solving for the water depth, d,
necessary to produce shearing stresses conparable to those produced by

eart hquakes (T/0_'=0.306 fromFig. 35 in the main text) yields a critical

water depth of 35 m  Therefore, in water depths shallower than 35 m ngjor
storns would produce shearing stresses greater than major earthquakes would
i nduce. In greater water depths earthquakes would produce the greater
stresses.

Equati ng stress|evels does not conpletely deternmine the | evel at which
the influence of mjor earthquakes and waves is equal. \Waves produce a mich
larger number of critical cycles than earthquakes and would cause a greater
level of strength degradation wunder conpletely undrained conditions. That is,
waves mght cause the sane damage at a lower stress level than that produced
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by an earthquake. Judging by the extensive data base of Lee and Focht (1976),
the strength degradation factor, AU mght be reduced by up to 50% if 1000
cycles were considered rather than 120. Under fully undrained conditions and a
major storm with 1000 cycles, the stress level required to cause the sane
damage as the representative major earthquake for the area would be only one-
half as much as that induced by the earthquake. That is, a value of

T/0_ '=(0.5)(0.306)=0.153 would be needed. The water depth at which

earf%quakes and waves would cause the same level of damage would drop to 76 m
as calculated from Equation (B-2).

The 76 m level is the deepest for which storm waves and earthquakes could
be equivalent. The water depth at which earthquakes and waves would cause the
same level of failure is probably shallower because sone drainage of pore
pressures during a storm would be expected (Seed and Rahman, 1978). If enough
drainage were to occur, the level of equivalence could even be shallower than
the 35 m calculated for equivalent stresses. Because the glacial narine
sedinent is silty and drains fairly easily, the 35 m level is probably a good
estimate of the depth of equivalent damage; the depth could drop to as deep as
76 m under special circunstances.
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APPENDI X C. | NDEX PROPERTIES

This Appendix presents downcore profiles of all the index property
measur enent s. The profiles are organized by study area ordered from west to
east. Wthin study areas the profiles are ordered by core nunber. fThe
measurenents include laboratory original and renolded vane shear strength,
natural water content, liquid and plastic linits, grain density, and grain
size (as percent sand, silt, and clay). Aso shown are |ocations of
consolidation or triaxial tests. The identification number indicates the type
of test and the testing organization. The nature of these tests is indicated
by a coded test nunber. The code for the test nunbering system is as follows:

First two letters:

(a) CE = Cedoneter test

{b) CE = Constant rate of strain (CRg) consolidation test
{(c) TE = Static triaxial test

(d) TC = or D = Cyclic triaxial test

Trailing characters:

(a) No trailing characters = test perforned by the USGS

(b) L1 = Test of 1977 core sanple by Law Engineering and Tasting Conpany
{(c) G = Test of 1977 sanple by Geotechnical Engineers, Incorporated

(d) B - Test of 1977 sanple by University of California, Berkeley

{e) L2 = Test of 1980 sanple by Law Engineering and Testing Conpany

These consolidation and triaxial test results are presented in Appendices
D through G and are grouped according to the organization perfornming the test.

The water contents from Cruise DC1-77-EG (Carlson and ot hers, 1978)
appear to have been calculated incorrectly, possibly through a faulty conputer
progr am The error is indicated in Figure 62 in which the Atterberg limts
for DC1~77-EG plot in a distinctly different section of the plasticity chart
from that in which the results of tests from other cruises to the same area
pl ot. Because of this discrepancy, water contents from DC1-77-EG were not
shown in Figure 56.
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APPENDI X D. CONSOLIDATION AND TRIAXIAL TEST RESULTS-LAW ENG NEERING AND
TESTING COMPANY (1977 cores)

This appendix presents the results of consolidation and static triaxial
testing perforned by Law Engineering and Testing Conpany under Contract nunber
14-08-0001-17356 with the US. CGeological Survey. Testing was performed under

the direction of RW Sparrow, P.G Swanson and R E Brown. Core sanmples were
from Quise S8-77-EG

Al tests in this group have been assigned a test nunber with LI as the
last two characters. The consolidation tests (first two characters are OF)
are presented first and are ordered by test number. Results from a single
test are presented on a page in the form of void ratio and calculated
coefficient of consolidation (c.) versus the vertical effective stress given
in bars (I bar=101.3 kPa).

The static triaxial tests (first tw characters are TE) are given second
and ordered by test number. Results from one to as many as four tests are
presented on the same sheet. The uppermost plot is a stress path presented as
a plot of deviator stress versus nean normal effective stress. The deviator
stress is the vertical effective stress (g, ") mnus the horizontal effective
stress (o, '). The nean nornal effective stress IS (0_'+20.')/3. MNote:  This
definition”is not the sane as that used in the stress paths given in
Appendices E, F, and G

~The mddle graph is either the deviator stress or (U, versus the axial
strain.  The parameter Q is the deviator stress while o ig the consolidation

stress (or confining pressure). The last graph is the measured excess pore
water pressure plotted versus axial strain.
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APPENDI X E.  CONSOLIDATION AND TRIAXIAL TEST RESULTS- GEOTECHNI CAL  ENG NEERS,
| NOORPCRATED (1977 cores)

This appendix presents the results of consolidation and static triaxial
tests performed by Geotechnical Engineers, Incorporated under Contract nunber
14-08-0001-17353 with the US. Geological Survey. Testing was performed under
the direction of x, Dalenberg and DP. zagatta. Cores were from Quise §8-77-
EG.

all tests in this group have been assigned a test number with G as the
last character. The consolidation tests (first two characters are OF) are
presented first and are ordered by test number. Results from a single test
are presented on a page in the form of vertical strain and calculated
coefficient of consqlidation (c,) versus the vertical effective stress in kpa
(equivalent to kn/m2).

The static triaxial tests (first two characters are TE) are given second
and ordered by test number. Results from a single test are given on a single
page. The upper left plot is the mamum shearing stress or (o, -6.)/2 Versus
the axial strain. The upper right plot is a stress path presenting the
maxi mum shearing stress versus the normal effective stress on the plane of
madmun shearing stress or (o,'+9,')/2, In Appendices F and G the stress
path plots are defined in the 'same way but identified as q versus p*. The
stress path plots of Appendix D are defined-differently. The |ower 1left plot '
Is the excess pore water pressure developed during shear (u-u ) versus the
axial strain,
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APPENDI X F. CONSCLIDATION AND TRIAXIAL TEST RESULTS-LAW ENG NEERING AND
TESTI NG COVPANY (1980 Cores)

This appendix presents the results of consolidation and triaxial testing
performed by Law Engineering and Testing Conpany under Contract nunber
4-08-0001-19241 with the US Ceological Survey. Testing was performed under
the direction of RG Hanadock, P.G Swanson and P.W Mayne. Core sanples
were from DC2-80-EG

Al tests in this group have been assigned a test number with L2 as the
last two characters. The consolidation tests (first two characters are CE)
are presented first and are ordered by test nunber. Results from a single

test are presented on a page in the form of void ratio versus the vertical
effective stress.

The static triaxial tests (first two characters are TE) are given second
and ordered by test number. Results from one to as many as four tests are
presented on the sane sheet. The upper left plot is a stress path presented
as a plot of maxinum shear stress (g) versus the nornmal effective stress on
the plane of naximum shear (p'). The stress paths of Appendix D are defined
differently. The wupper right plot is the maxinum shearing stress versus the
axial strain. The lower left plot is the neasured excess pore water pressure
plotted versus axial strain.

The cyclic triaxial tests (first two characters are TC) are given third
and ordered by test number. Results from one to three tests are presented on
two sheets. The first sheet includes p'-q stress path, shear stress-axial
strain and excess pore pressure-axial strain plots that are analogous to the
plots given for static triaxial tests. However, the plots are given for only
a few selected cycles to illustrate how the response changes as the nunber of
cycles increases. Nunbers on the plots correspond to cycle nunber.

The second sheet shows several parameters plotted versus cycle nunber.
The upper left graph shows the cyclic stress level normalized by the static
strength (obtained from a nearby sanple-Method | of the main text) versus the
number of cycles to achieve a given double anplitude strain |evel, Lines are
drawn connecting points corresponding to the same strain level. ‘The upper
right graph shows the excess pore pressure generated as a function of the
cycle nunber. The lower right graph shows the double anplitude axial strain
as a function of cycle nunber.
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APPENDI X G CONSOLIDATION AND TRIAXIAL TEST RESULTS U S. GEOLOd CAL  SURVEY
(1980 and 1981 cores)

This appendix presents the results of consolidation and triaxial testing
performed at the US. Geological Survey's marine geotechnical |aboratory.

Core sanples were from cruises DXR2-80-EG and Dd-81-EG Results were
automatically recorded, reduced and plotted.

The tests in this group do not have trailing characters in their test
nunber s. The consolidation tests (first characters are CE for constant rate
of strain, CRS, tests and CE for oedoneter tests) are presented first and are
ordered by test nunber. Results from a single test are presented on a single
page in the form of void ratio and calculated coefficient of consolidation
{c.) versus the vertical effective stress (identified as STRESS). Some of the
plots for CRS tests are irregular as a result of transducer drift.

Static triaxial tests (first two characters are TE) are given second and
ordered by test nunber. The upper left graph is a stress path presented as a
plot of maxinum shear stress (q) versus the normal effective stress on the
pl ane of maxi mum shear (p'}. The stress path plots of Appendix D are defined
differently. The upper right plot is the maximum shearing stress versus
strain. The lower right plot is the neasured excess pore water pressure
(DELTAu)versus axial strain. The title block gives S$IGiec' and SIG3' which
are the vertical and horizontal consolidation stresses, respectively. The
induced OCR is the overconsolidation ratio forced on the sanple in the
triaxial cell. A value of 1.0 may or nay not correspond to true
overconsol idation because the triaxial cell consolidation stress nay be |ess
than the maxinum past stress the sanple experienced in place.

The cyclic triaxial tests (first tw characters are TC) are given third
and ordered by test nunber. Results from one test are presented on two
sheet s. Thd first sheet includes deviator stress (DEV STRESS or 2 tines the
shear stress)-axial strain and p'-g stress paths that are analogous to the
graphs given for static triaxial tests. However, the plots are given for only
a few selected cycles of loading to illustrate how the response changes as the
nunber of cycles increases. MNumbers on the plots correspond to cycle nunber.

The second sheet shows several parameters plotted versus cycle nunber.
The upper left plot shows peak single anplitude strain (positive in
conpression) versus cycle nunber. Lower left and lower right plots show
calculated danping and Young's nodulus (E) versus nunmber of
cycl es, respectivel y. The upper right plot shows the nininum and maxi mum
excess pore water pressure (DELU) neasured during a cycle. In some plots a
dashed line in both the strain and pore pressure plots shows an equilibrium
value established between bursts of «cyclic stress applications.

The title blocks for both figures show a static gf or estimated static
shearing strength. The value was obtained from a test on a nearby sanple
(Method | of the main text). The average maximum g (AVG MAX @) is the average
peak conpressive shearing stress for all of the cycles. The percentage value
that follows in parentheses represents the percentage of the estimated (Method
) static shearing strength. The "avG M N g" is the same as the average
maxi num ¢ except it represents values in tension.
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CRUISE DC2-8BB-EG INCREMENT (cm) 32~-39
CORE. NO. 3sG TEST NO. TC18

SIGlc’(kPa) 160.3 STATIC qf (kPa) 80.8
SIG3c’(kPa) 160.3 AVG MAX q (kPa) 54.9 (67.8%)
INDUCED OCR 1.0 AVG MIN q (kPa) ~49.9 (61.8%)




DEV STRESS (kPa)

q (kPa)
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p’ (kPa)
CRUISE DC2-88-EG INCREMENT (cm) 32-39
CORE NO. 356G TEST NO. TC18
SIGic’(kPa) 168.3 STATIC qf (kPa) 60.8

SI1G3c’(kPa) 1£60.3
INDUCED OCR 1.0

AVG MAX q (kPa)
ARVG MIN q (kPa)

S4.8 (67.9%)
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CYCLE # CYCLE ¢
CRUISE DC2-80-EG INCREMENT (cm) 32-39
CORE. NO, 356G TEST NO. TC19

SIGic’(kPa) 154.6 STATIC qf (kPa) 60.8
51G3c’(kPa) 154.6 AVG MAX q (kPa) §$1.6 (63.9%)
INDUCED OCR 1.0 AVG MIN q (kPa) -43.5 (53.8%)




q (kPa)

DEV STRESS (kPa)

CRUISE DC2-80-EG INCREMENT (cm) 32-39
CORE NO. 356G TEST NO. TC19
SIGle’(kPa) 154.6 STATIC qf (kPa) B80.8
SIG3c’(kPa) 154.6 AVG MAX q (kPa) 51.8 (63.9%)

INDUCED OCR

{1.0

AVG MIN q (kPa)

-43.5 (53.8%)
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CYCLE & CYCLE &
CRUISE DC2-80-EG INCREMENT (cm) 27-35
CORE NO. 43G TEST NO. TC20
SIGic’(kPa) 28.3 STRTIC qf (kPa) ?73.9
S1G3c’(kPa) 28.3 AVG MAX q (kPa) 43.2 (38.3%)

INDUCED OCR

1.0

AVG MIN q (kPa)

-34.5 (46.7%)




q (kPa)

DEV STRESS (kPa)

p’ (kPa)
CRUISE DC2-80-EG INCREMENT (cm) 27-35
CORE NO. 43G TEST NO. TC20
SIlGic‘(kPa) 28.3 STATIC qf (kPa) ?3.8

8IG3c‘(kPa} 28.3 AVG MAX q (kPa)
INDUCED OCR 1.0 AVG MIN q (kPa)

43.2 (58.5%)
-34.5 (46.7%)
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CYCLE & CYCLE #
CRUISE DC2-80-EG INCREMENT (cm) 27-35
CORE NO. 413G TEST NO, TC21

SI1Gic‘(kPa) 27.2 STATIC qf (kPa) 73.9
SIG3c’(kPa) 27.2 AVG MAX q (kPa) 45.7 (61.8X%)
INDUCED OCR 1.0 AVG MIN q (kPa) -42.0 (56.8%)
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p’° (kPa)
CRUISE DC2-88-EG INCREMENT (cm) 27-35
CORE NO. 43G TEST NO. TC21
SIGlc’(kPa) 27.2 STRTIC qf (kPa) ?73.9

SIG3c’(kPa) 27.2 RVG MAX q (kPa)
INDUCED OCR 1.0 AVG MIN q (kPa)

45.7 (61.8%)
~42.8 (56.8%)
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CRUISE DC2-88-EG
CORE. NO. 466G

INCREMENT (cm)
TEST NO.

?-15
TC22

S1Gic’(kPa) 196.2
SIG3c’(kPa) 196.2
INDUCED OCR 1.0

STATIC qf (kPa)
AVG MAX q (kPa)
AVG MIN q (kPa)

e22.4
33.5 (15.1%)




q (kPa)

DEV STRESS (kPa)
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SIG3c’ (kPa)
INDUCED OCR

AVG MRX q (kPa)
RVG MIN q (kPa)

p’ (kPa)
CRUISE DC2-88-EG INCREMENT (cm) 7—-15
CORE NO. TEST NO. TC22
SI1Gic’ (kPa) STRTIC qf (kPa) 222.4

33.5 (15.1%)
-42.4 (18.1%)
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CYCLE & CYCLE ¢
CRUISE DC2-88@-EG INCREMENT (cm) ?-15
CORE NO, 46G TEST NO. TC23
SIGic’(kPa) 192.6 STATIC qf (kPa) 222.4
SI1G3c’(kPa) 192.6 AVG MAX q (kPa) 79.8 (33.5%)
INDUCED OCR 1,0 AVG MIN q (kPa) -71.8 (32.3%)




DEV STRESS (kPa)

q (kPa)

SI1G3c’ (kPa)
INDUCED OCR

AVG MAX q (kPa)
AVG MIN q (kPa)

p’ (kPa)
CRUISE DC2-80-EG INCREMENT (cm) 7-15
CORE NO. TEST NO. TC23
SIGic‘ (kPa) STATIC qf (kPa) 222.4

79.8 (35.5%)
-71.8 (32.3%)
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CYCLE ¢ CYCLE ¢
CRUISE DC2-80-EG INCREMENT (cm) 15-22
CORE NO. 286G TEST NO. TC24
SIGic’(kPa) 302.6 STATIC qf (kPa) 268.9
SIG3c’(kPa) 302.6 ARAVG MAX q (kPa) 115.6 (43.8%)
INDUCED OCR 1.0 AVG MIN q (kPa) ~108.5 (37.4%)
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p° (kPa)

[CRUISE DC2-88-EG  INCREMENT (om 15-22
CORE NO.  28G TEST NoO. TC24

SIGic’(kPa) 382.6 STRTIC qf (kPa) 268.9
SIG3c’(kPa) 302.8 AVG MAX q (kPa) 115.6 (43.@%)
INDUCED OCR 1.8 AVG MIN q (kPa) -198.5 (37.4%)
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CYCLE # CYCLE #
CRUISE DC2-80-EG INCREMENT (em) 15-22.4
CORE NO. 28G TEST NO. TC2S
SIGic’(kPa) 297.9 STATIC qf (kPa) 270.0
51G3c¢’(kPa) 297.9 AVG MAX q (kPa) 21.1 (7.8%)
INDUCED OCR 1.0 AVG MIN q (kPa) -18.6 (6.1%)
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p’ (kPa)
CRUISE DC2-88-EG INCREMENT (em) 15-22.4

CORE NO. 286G

TEST NO.

TC25

SIGlec’(kPa) 297.8
SIG3c’(kPa) 297.9
INDUCED OCR 1.8

STRTIC qf (kPa)

RVG MAX q (kPa)
AVG MIN q (kPa)

2v8.e
21.1 (7.8%)
-16.6 (6.1%)
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CYCLE & CYCLE #
CRUISE DC2-80-tG INCREMENT (cm) 61-721
CORE NO. 181G TEST NO. TC30
SIGic’(kPa) 3@.3 STATIC qf (kPa) 23.7
SI1G3c‘(kPa) 30.3 AVG MAX q (kPa) 14.3 (60.3%)

INDUCED OCR

1.0

AVG MIN q (kPa)

-25.0 (185.5%)
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p’ (kPa)
CRUISE DC2-88-EG INCREMENT (cm) B81-71
CORE NO. 181G TEST NO. TC38
SI1Gic’(kPa) 38.3 STRATIC qf (kPa) 23.7
S§1G3c‘(kPa) 38.3 AVG MRX q (kPa) 14.3 (68.3%)
INDUCED OCR 1.0 AVG MIN q (kPa) -25.@ (185.5%)
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CYCLE & CYCLE #
CRUISE DC2-80-EG INCREMENT (cm) 61-21

CORE NO. 181G TEST NO. TC31
SIGic’(kPa) 24.2 STATIC qf (kPa) 23.7
SI1G3c’(kPa) 24.2 AVG MAX q (kPa) 17,2 (72.6%)
INDUCED OCR 1.0 AVG MIN q (kPa} -23.8 (100.4%)




q (kPa)

DEV STRESS (kPa)

p’ (kPa)
CRUISE DC2-80-EG INCREMENT (em) 61-271
CORE NO, 181G TEST NO. TC31
SIGic’(kPa) 24.2 STRTIC qf (kPa) 23.7
SIG3c’(kPa) 24.2 AVG MAX q (kPa) 17.2 (?2.6%)

INDUCED OCR

1.8

AVG MIN q (kPa)

-23.8 (188.4%)
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CYCLE & CYCLE #
CRUISE DC2-80-EG INCREMENT (cm) 85-95
CORE NO. 181G TEST NO. TC32
SIGlc’(kPa) 10.4 STATIC qf (kPa) 19.0

SIG3c‘(kPa) 10.4
INDUCED OCR 3.5

AVG MAX q (kPa)
AVG MIN q (kPa)

3.7 (19.5%)
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DEV STRESS (kPa)
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p’ (kPa)
CRUISE DC2-88-EG INCREMENT (em) 85-85
CORE NO. 181G TEST NO. TC32
SIGic‘(kPa} 18.4 STATIC qf (kPa) 19.P
SIG3c’(kPa) 18.4 AVG MAX q (kPa) 3.7 (19.5%)

INDUCED OCR 3.5

RAVG MIN q (kPa)

-15.8 (?8.9%)
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CYCLE # CYCLE #
CRUISE DC2-80-EG INCREMENT (em) 85-95
CORE NO. 181G TEST NO. TC33
SIGle’ (kPa) 2.5 STATIC qf (kPa) 19.0
S1G3c’ (kPa) 2.5 AVG MAX q (kPa) 7.2 (37.9%)
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q (kPa)

DEV STRESS (kPa)

50
STRRIN (%)

p’ (kPa)

CRUISE DC2-88-EG INCREMENT (cm) 85-85
CORE NO. 181G TEST NO. TC33

SIGlc’(kPa) 2.5  STATIC gf (kPa) 18.@
SIG3c‘(kPa) 2.5  RAVG MAX q (kPa) 7.2 (37.9%)
INDUCED OCR 14.4 AVG MIN q (kPa) =-15.8 (83.7%)
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CYCLE & CYCLE &
CRUISE DCi-81-EG INCREMENT (cm) 93-104
CORE NO. 627G2 TEST NO. TC34

SIGic’(kPa) 100.7 STATIC qf (kPa) 33.2
SIG3c’(kPa) 108.7 AVG MAX q (kPa) 28.6 (53.8%)
INDUCED OCR 1.0 AVG MIN q (kPa) -39.4 (?4.1%)
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SIG3c’ (kPal
INDUCED OCR

AVG MAX q (kPa)
AVG MIN q (kPa)

p’ (kPa)
CRUISE DC1-B1-EG INCREMENT (cm) 893-104
CORE NO. TEST NO. TC34
SI1Gilc’(kPa) STRTIC qf (kPa) 53.2

28.6 (53.8%)
=39.4 (?74.1%)
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CYCLE & CYCLE #»
CRUISE DC1-81-EG INCREMENT (cm) 93-104
CORE NO. 627G2 TEST NO. TC3S
8IGic’(kPa) 99.5 STATIC qf (kPa) 53.2
S1G3¢c’(kPa) 99.5 AVG MAX q (kPa) 11.9 (22.4%)

INDUCED OCR

1.0

AVG MIN q (kPa)

-26.4 (49.6%)
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p’ (kPa)
CRUISE DCi~-B1-EG INCREMENT (em) 83-104
CORE NO. 627G2 TEST NO. TC3S
SIGic‘(kPa) 88.5 STATIC qf (kPa) 5§3.2
81G3:‘(kPa) 99.5 AVG MAX q (kPa) 11.9 (22.4%)

INDUCED OCR 1.9

AVG MIN q (kPa)

-26.4 (49.6%)
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CRUISE DC1-81-EG
CORE NO. 627G2

81Gic’(kPa) 168.3
S1G3c’(kPa) 18.3
INDUCED OCR 5.5
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CYCLE #
INCREMENT (cm) 60-71
TEST NO. TC36
STATIC qf (kPa) 44,7

AVG MAX q (kPa)
AVG MIN q (kPa)

21.5 (48.1%)
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p’ (kPa)

CRUISE DC1-81-EG INCREMENT (ecm) 68-71
CORE NO. 627G2 TEST NO. TC36

SiGlc’(kPa) 18.3 STATIC qf (kPa) 44,7
SIG3c‘(kPa) 18.3 AVG MAX q (kPa) 21.5 (48.1%)
INDUCED OCR 5.5 AVG MIN q (kPa) -14.8 (31.3%)
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CYCLE & CYCLE &
CRUISE DC1-81-EG INCREMENT (cm) 6@-71
CORE. NO. 627G2 TEST NO. TC3?7
SIGic’(kPa) 17.3 STATIC qf (kPa) 44.7

34,7 (77.6%)
-27.2 (608.9%)
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p’ (kPa)

CRUISE DC1-81-EG INCREMENT (em) 66-71
CORE NO. 627G2 TEST NO. TC3?

SIGlc’(kPa) 17.3 STRTIC qf (kPa) 44,7
SIG3c’(kPa) 17.3 RVG MAX q (kPa) 34.7 (77.6%)
INDUCED OCR 5.8 ARVG MIN q (kPa) =27.2 (68.9%)
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CYCLE 4 CYCLE #*
CRUISE DCi1-81-EG INCREMENT (cm) 190-108
CORE. NO. 620G2 TEST NO. TC46
S1Gic’(kPa) 121.8 STATIC qf (kPa) 53.2
SIG3c’(kPa) 121.8 AVG MAX q (kPa) 31.8 (58.3%)

INDUCED OCR 1.0

AVG MIN q

(kPa)

-16.4 (30.8%)
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CORE NO.

31.8 (58.3%)
-16.4 (38.8%)

53.2

AVG MIN q (kPa)

121.8 STATIC gqf (kPa)
121.8 RVG MRAX q (kPa)

1.8

SIGic’(kPa)
SIG3c (kPa)
INDUCED OCR
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CYCLE # CYCLE #
CRUISE DCi!-81-EG INCREMENT (cm) 100-108
CORE NO. 620G2 TEST NO, TC47
S1Glc’(kPa) 117.6 STATIC qf (kPa) 53.2
SIG3c’(kPa) 117.6 AVG MAX q (kPa) 46.1 (86.7%)
INDUCED OCR 1.0 AVG MIN q -36.4 (68.4%)
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DEV STRESS (kPa)

STRARIN (%)

1ee

aee

p’ (kPa)
CRUISE DCi1-Bl1-EG INCREMENT . (em) 100-108
CORE NO. 620G2 TEST NO. TC47?
SlGic’(kPa} {17.6 STARTIC qf (kPa) 53.2

SIG3c’(kPa) 117.6 RVG MAX q (kPa)
INDUCED OCR 1.9 AVG MIN q (kPa)

46.1 (86.7%)
-3t.4 (68.4%)
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CYCLE # CYCLE &
CRUISE DCi1-8{-EG INCREMENT (em) 61-68
CORE NO, 634G2 TEST NO. TC48
SIGic’(kPa) 60.3 STATIC qf (kPa) 23.9
S1G3c‘(kPa) 60.3 AVG MAX q (kPa) 14.9 (62.3%)
INDUCED OCR 1.0 AVG MIN q (kPa) -40.6 (169.9%)
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g (kPa)

DEV STRESS (kPa)

STRAIN (%)

p’ (kPa)

CRUISE DC!{-81-EG INCREMENT (em) 61-69
CORE NO, 634G2 TEST NO. TC48

SIGlc’(kPa) 60.3 STRTIC qf (kPa) 23.8
SIG3c’(kPa) 68.3 AV'G MRX q (kPa) 14.8 (62.3%)
INDUCED OCR 1.8 RYG MIN q (kPa) -48.8 (169.8%)
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CYCLE ¢ CYCLE &
CRUISE DC1-81-EG INCREMENT (cm3} 61-68
CORE NO. 634G2 TEST NO. TC49
SIGic’(kPa) S8.1 STATIC qf (kPa) 23.9
SIG3c’(kPa) 58,1 AVG MAX q (kPa) 12.72 (53.1%)
INDUCED OCR 1.0 AVG MIN g (kPa) -31.8 (133,1%)
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p’ (kPa)

CRUISE DC1-81-EG
CORE NO. 634G2

INCREMENT (cm)
TEST NO.

61-68
TC49

SIGlc’(kPa) 58.1
SIG3c’(kPa) 58.1
INDUCED OCR 1.8

STATIC qf (kPa)
AVG MAX q (kPa)
AVG MIN q (kPa)

23.9
12.7 (53.1%)
=31.8 (133.1%)
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CYCLE #* CYCLE #
CRUISE DC2-80-EG INCREMENT (cm) 161-172
CORE NO, 87G TEST NO, TCS2
S1Glc’(kPa) 288.8 STATIC gqf (kPa) 122.8
SIG3c’ (kPa) 208.9 RAVG MAX q (kPa) 76.8 (62.5%)
INDUCED OCR 1.0 AVG MIN q (kPa) -186.3 (B6.6%)




9 (kPa)

DEV STRESS (kPa)

STRAIN (%)

p° (kPa)

CRUISE DC2-8BB-EG INCREMENT (cm) 161-1722
CORE NO. 87G TEST NO. TCS52

SI1Gle“(kPa) 2080.8 STATIC qf (kPa) 122.8
SIG3c’(kPa) 288.8 AVG MAX q (kPa) ?76.8 (62.5%)
INDUCED OCR 1.0 AVG MIN q (kPa) -186.3 (BB6.E%}
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CYCLE % CYCLE +
CRUISE DC2-88-EG INCREMENT (cm)} 16t1-172
CORE NO. 87G TEST NO. TCS3
SIGic’(kPa) 194.3 STATIC qf (kPa) 122.8
S1G3c‘(kPa) 194.3 AVG MAX q (kPa) 26.4 (21.5%)
INDUCED OCR 1.0 AVG MIN q (kPa) =-45.5 (37.1%)
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p’ (kPa)

CRUISE DC2-88-EG INCREMENT (em) 161-172
CORE NO. 876G TEST NO. TCS53

S1Gic’(kPa) 194.3 STATIC qf (kPa) 122.8
SIG3c’(kPa) 194.3 AVG MAX q (kPa) 26.4 (21.5%)
INDUCED OCR 1.8 RVG MIN q (kPa) <-45.5 (37.1%)
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CYCLE # CYCLE &
CRUISE DC1-81-EG INCREMENT (ecm) 72-82
CORE NO. 634G2 TEST NO. TCS54
SIGic’(kPa) 61.9 STATIC qf (kPa) 23.9
SIG3c’(kPa) 61.9 AVG MAX q (kPa) 17.6 (?73.6%)
INDUCED OCR 1.0 AVG MIN q (kPa) -8.8 (36.8%)




q (kPa)

DEV STRESS (kPa)
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p’ (kPa)
CRUISE DC1-81-EG INCREMENT (em) 72-82
CORE NO, 634G2 TEST NO. TCS54
SIGlc’(kPa) 61.9 STRTIC qf (kPa) 23.8

SIG3c’(kPa) 61.8
INDUCED OCR 1.8

AVG MAX q (kPa)
AVG MIN q (kPa)

17.6 (73.6%)
-8.8 (36.8%)
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CYCLE & CYCLE *
CRUISE DCi-81-EG INCREMENT (cm) 72-82
CORE NO. 634G2 TEST NO, TCSS
SiGlc’(kPa) 58.3 STATIC qf (kPa) 23.9
SIG3c’(kPa) 59.3 AVG MAX q (kPa) 22,2 (382.9%)

INDUCED OCR (.0

AVG MIN q (kPa)

-19.9 (83.3%)

40



q (kPa)

DEV STRESS (kPa)

200N
AN

p’° (kPa)
CRUISE DC!-81-EG INCREMENT (em) 72-82
CORE NO. 634G2 TEST NO. TCSS
SIGic’(kPa) 59.3 STRTIC qf (kPa) 23.9
SIG3c’(kPa) 58.3 AVG MAX q (kPa) 22.2 (82.9%)
INDUCED OCR 1.8 AVG MIN q (kPa) -19.9 (83.3%)
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CYCLE # CYCLE &
CRUISE DC1-81-EG INCREMENT (em) 153-161
CORE. NO., TEST NO. TC36
SIGic’ (kPa) STATIC qf (kPa) 562.0
SIG3c’ (kPa) AVG MPX q (kPa) 120.2 (21.4%)

INDUCED OCR

AVG MIN q (kPa)

-98.8 (17.6%)
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DEV STRESS (kPa)
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p’ (kPa)

CRUISE DCi1-81-EG INCREMENT (cm) 153-161
CORE NO. 630R2 TEST NO. TCS56
SIGlc’(kPa) 381.8 STATIC qf (kPa) 56R.8
SIG3c’(kPa) 3081.8 AVG MRX q (kPa) 128.2 (21.4%)
INDUCED OCR (.8 RAVG MIN q (kPa) -83.8 (17.8%)
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CYCLE ¢ CYCLE &
CRUISE DC1-81-EG INCREMENT (cm) 153-160.5
CORE NO. 630R2 TEST NO. TCS?
SIGic’(kPa) 297.9 STATIC qf (kPa) 562.8
SIG3c’(kPa) 297.9 RAVG MAX q (kPa) 162.9 (29.0%)
INDUCED OCR 1.0 -115.1 (20.5%)
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q (kPa)

DEV STRESS (kPa)

STRRIN (%~

p’ (kPa)

CRUISE DC1-81-EG INCREMENT (cm) 183-168.5
CORE NO. 638R2 TEST NO. TCS?

SIGic’(kPa) 297.9 STATIC qf (kPa) S562.8
SI1G3c’(kPa) 297.9 RVG MAX q (kPa) 162.9 (29.8%)
INDUCED OCR 1.8 AVG MIN q (kPa) -115.1 (28.5%)
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CYCLE & CYCLE #
CRUISE DC1-81-EG INCREMENT (cm) 138-149
CORE NO. 6168G2 TEST NO. TCS58
S1Gic’(kPa) 184.8 STATIC qf (kPa) 95.6
SIG3c’(kPa) (84,8 AVG MAX q (kPa) 56.2 (38.8%)
INDUCED OCR 1.0 AVG MIN q (kPa)




q (kPa)

DEV STRESS (kPa)

188y

-1e8

p’ (kPa)

CRUISE DC1-B81-EG
CORE NO. 618Gz

INCREMENT (cm}
TEST NO.

138-149
TCS8

S131c’(kPa) 184.8
SIG3c’(kPa) 184.8
INOQUCED OCR 1.8

STATIC qf (kPa)
AVG MAX q (kPa)
AVG MIN q (kPa)

95.6
§6.2 (58.8%)
-53.5 (56.0%)
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CYCLE # CYCLE #
CRUISE DC1-B81-EG INCREMENT (cm) 138-149
CORE. NO. 618G2 TEST NO. TC59
SIGlc’(kPa) 183.8 STATIC qf (kPa) 95.6
SIG3c’ (kPa) 183.9 AVG MAX q (kPa) 44,6 (46.7%)
INDUCED OCR 1.0 AVG MIN q (kPa) -41.2 (43.1%)
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DEV STRESS (kPa)
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p’ (kPa)

CRUISE DC1-81-EG INCREMENT (em) 138-148
CORE NO. 618G2 TEST NO. TCS9

SiGic‘(kPa) 183.9 STATIC qf (kPa) 85,8
S1G3c’(kPa) 183.8 AVG MAX q (kPa) 44.6 (46.7%)
INDUCED OCR 1.0 AVG MIN q (kPa) -41.2 (43.1%)
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CYCLE ¢ CYCLE #
CRUISE DC1-81-EG INCREMENT (cm) 174-181
CORE NO. 624R1 TEST NO. TCE@
SIGle’(kPa) 338.9 STATIC qf (kPa) 481.3
SIG3c’(kPa) 338.9 AVG MAX q (kPa) 206.6 (51.5%)
INDUCED OCR 1.0 ~184.9 (46.1%)

AVG MIN q (kPa)




g (kPa)

DEV STRESS (kPa)

STRAIN (%)

258 -

208}
158}

188}

-158

TV YT TV rerre

-288f

-2set
p’° (kPa)

CRUISE DC!-81-EG INCREMENT (cm)
CORE NO. 624A1 TEST NoO.

174-181
TCEO

SIGlc’(kPa) 338.3 STRTIC qf (kPa)
SIG3c’(kPa) 338.9 RAVG MAX q (kPa)
INDUCED OCR 1.0 AVG MIN q (kPa)

401.3
286.6 (51.5%)
-184.9 (46.1%)
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CYCLE # CYCLE #
CRUISE DCi-B81-EG INCREMENT (cm) 174-1061
CORE NO. 624R1 TEST NO. TCE1
SIGic’(kPa) 344.7 STATIC qf (kPa) 401.3
SIG3c’(kPa) 344.7? AVG MAX q (kPa) 121.8 (30.4%)
INDUCED OCR 1.8 AVG MIN q (kPa) ~-134.6 (33.5%)
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p’ (kPa)

CRUISE DCi1-81-EG INCREMENT (cm) {74-181
CORE NO. 624A1 TEST NO. TC61

S1G1c’(kPa) 344.7 STRTIC qf (kPa) 4901.3
SIG3c’(kPa) 344.7 AVG MAX q (kPa) 121.8 (38.4%)
INDUCED OCR 1.8 AVG MIN q (kPa) -134.6 (33.5%)
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CYCLE # CYCLE #
CRUISE DC1-81-EG INCREMENT (cm) 166-173
CORE NO. 605G2 TEST NO. TC86
SIGic’(kPa) 216.3 STATIC nof (kPa) 127.9
SIG3c’(kPa) 216.3 AVG MAX q (kPa) 62.6 (48.8%)

INDUCED OCR

1.0

AVG MIN q

(kPa)

-66.5 (52.0%)




g (kPa)

DEV STRESS (kPa)
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INCREMENT (cm)
TEST NO.

CRUISE DC1-81-EG
CORE NO.

166-173
TC86

SIGic’ (kPaj
SIG3c (kPa)
INDUCED OCR

STATIC qf (kPa)
AVG MAX q (kPa)
AVG MIN q (kPa)

127.9
62.6 (48.8%)
-66.5 (52.8%)
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CYCLE # CYCLE #
CRUISE DC1-81-EG INCREMENT (cm) 166-173
CORE NO. 605G2 TEST NO. TCB?
SIGlc’(kPa) 215.1 STATIC qf (kPa) 127.89
SIG3c’(kPa) 215.1 AVG MAX q (kPa) 35.5 (27.8%)
INDUCED OCR 1.0 AVG MIN q (kPa) -41.8 (32.7%)
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DEV STRESS (kPa)
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p’ (kPa)
CRUISE DCi-81-EG INCREMENT (cm) 166-173
CORE NO. 6B85G2 TEST NO. TCB8?
SIGlc’(kPa) 215.1 STATIC gf (kPa) 127.9

SIG3c’(kPa) 215.1 RAVG MAX q (kPa)
INDUCED OCR 1.0 AVG MIN q (kPa)

35.5 (27.8%)
-41.8 (32.7%)
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CYCLE # CYCLE #
CRUISE DCi-81-EG INCREMENT (cm) 54-61
CORE NO. 605G2 TEST NO, TC92
SIGic’(kPa) 215.9 STATIC qf (kPa) 163.8
61G3c’(kPa) 215.9 AVG MAX q (kPa) 47.8 (29.2%)

-55.7 (34.0%)
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p’ (kPa)

CRUISE DCi-81-EG INCREMENT (cm) S54-61
CORE NO. 685G2 TEST NO. TC92

SIGic‘(kPa) 215.8 STATIC qf (kPa) 163.8
S1G3c’(kPa) 215.8 AVG MAX q (kPa) 47.9 (29.2%)
INDUCED OCR 1.0 RVG MIN q (kPa) =55.7 (34.8%)
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CYCLE # CYCLE 4
CRUISE DC1-81-EG INCREMENT (cm) 54-60
CORE NO, 605Ge TEST NO. TC93
SIGic’(kPa) 284.8 STATIC qf (kPa) 163.8
SIG3c’(kPa) 204.8 AVG MAX q (kPa) 83.3 (50.9%)
INDUCED OCR 1.0 AVG MIN q (kPa) -84.1 (51.3%)
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q (kPa)

DEV STRESS (kPa)

p’ (kPa)
CRUISE DC1-81-EG INCREMENT (cm) 54-60
CORE NO. B@5G2 TEST NO, TC93
SIGic’(kPa) 284.8 STATIC qf (kPa) 163.8

SIG3c’(kPa) 2084.8 RVG MAX q (kPa)
INDUCED OCR 1.8 AVG MIN q (kPa)

83.3 (50.9%)
-84.1 (51.3%)
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CYCLE #
CRUISE DCi-81-EG INCREMENT (cm) 130-137
CORE NO. 604G3 TEST NO. TC99
SI1Gic’(kPa) 297.1 STRTIC qf (kPa) 176.6
SI1G3c’(kPa) 297.1 AVG MAX q (kPa) §61.5 (34.8%)

INDUCED OCR

1.9

AVG MIN q (kPa)

-56.2 (31.8%)
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p’ (kPa)
CRUISE DCi{-BI1-EG INCREMENT (cm) 138-137
CORE NO. 684G3 TEST NO. TCSS
SIGlc’(kPa) 287.1 STRTIC qf (kPa) 176.6
S1G3c’(kPa) 287.1 RVG MRX q (kPa) 61.5 (34.8%)

INDUCED OCR

1.0

AVG MIN q (kPa)

-56.2 (31.8%)
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CYCLE * CYCLE #

CRUISE DC1-81-EG INCREMENT (cm) 130-137

CORE NO. 604G3 TEST NO. Dig2

SIGic’(kPa) 28@.4 STRATIC qf (kPa) 176.6

SIG3c’(kPa) 2908.4 AVG MAX q (kPa) 86.5 (49,0%)

INDUCED OCR

1.0

AVG MIN q (kPa)

-68.0 (38.5%)
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CRUISE DC1-81-EG INCREMENT (cm)} 130-137
CORE NO. 6084G3 TEST NO. Die2

SIGic’(kPa) 290.4 STATIC qf (kPa) 176.6
SIG3c’(kPa) 298.4 RAVG MAX q (kPa) 86.5 (49.8%)
INDUCED OCR 1.8  ARVG MIN q (kPa) <-68.8 (38.5%)
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